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Editorial report 



Id 1989, the {nievious New Zealand Journal of Experimental Agriculture was renamed and 
reshaped into the New ZeaUmdJoumal cf CropandHortiaUtiiral Sdetice with the voluoie 

numbers continuing, 

1989 was a very successful first year for the New Zealand Journal of Crop and 
HortictiUyral Science, Volume 17 comprised 375 pages with 43 papers, 7 short 
communications, 2 plant disease records, 1 technical note, and 6 book reviews. 

The number of submissions was slightly lower than in previous years; this was expected 
following the change in scopeof the journal. 56 papers were submitted in 1989, with 8 short 
communicatiws, 2 plant disease records, 1 cultivar release, and 8 book reviews. Of these, 
some h«¥e idteady appeared in Vcdome 17, some will appear in 1990, ni Vohmie 18, and 
2S%ha(vebeenR9eciBdThenio8tooinHioniea8onteR$^^ 

design, followed by poor presentation. Contributors are reminded toreadthelnfonnatioo 
for Authors which is published in the first issue of each volume. 

Processing times have been reduced for Volume 17; average time from submission to 
acceptance was less than SmcMths, and avenigetfanefiom accept ance to pu^^ 
3 months. 

At the last meeting of the joint Editorial Advisory Board for the A^ew Zealand Journal 
of Crop and Horticultural Science and New Zealand Journal of Agricultural Research, it 
was decided that a joint Board was no longer appropriate, as the new scopes of the two 
joomals no longer omiappcd. New Zetland Journal of Crop and HortkuUiural Science 
therefore enters 1990 with a new Boofd chaired by Dr R. Bieleski. I thank those memiben 
of the joint Board who are no longer on the new Board for their help over the last year. 

This month I leave DSIR Publishing to travel overseas. I have been Editor of this journal 
for nearly 2 1/2 years and in that time I have implemented the change from New ZeaUmd 
Journal of Expeiimenlal Agriculture to New ZeaJand Journal of Crop and Horticultural 
Science. Sandra Stanislawek and Oill Sutherland (co-editors of New Zealand Joumal ef 
Agricultural Research) will manage this joumal until a new editor is appointed. 

I encourage you all to si9)port the ediuvs so that the joumal will go £rom strength to 
strength. 



Endorsed by R. Bieleski Sue Jolly 

Board Chairman Editor, NZJCHS 

New Zealand Joumal of Crop and Horticultural Science February 1990 
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Flavonoid complement of cultivars 

of AcSnidia deliciosa var. delidosa, kiwifruit 



ROSEMARY F. WEBBY 

Chemistry Divisioo 

DopKimcitt oC Scioittific ttid lodosttifll RoBMsdi 
Private Bag, Fettne, New Zealand 



AbfllnMt Tliefla»onoid c o iiip l cBi ientofiici&iwfti 
StHrjffm var. deHcicM *Havward* leaf material is 

presented. In general, quantitative rather than quali- 
tative variation was found between the flavonoid 
complements of the various cultivars of A. deliciosa. 
However, ataiitinaip coltivBrs oontained an extra 
flanranol^ycoside, quercetin 3-0-arabinoside, which 
was absent in the pistillate cultivars. This method of 
distinguishing tli^ sexes was shown to be 80% 
reliable in the cultivars examined in the study. 
JnveoilB leaf material was examined and it was 
Aown that age was not a factor in flavonoid 
production in Actinidia. The fruit gave a similar 
flavonoid pattern to that of the leaf but the flav(Hioid 
levels were much lower. 

Keywords Actinidia deliciosa var. deliciosa; 
kiwifiruit; flavonoid8;leaf; fruit; cultivars;staminale; 
pistillate; juvenile 

INTRODUCTION 

Actinidia deliciosa (A Chev.) C F Liang et A R 
Ferguson var. deliciosa 'Hayward' is essentially the 
only pistillate Idwifrmt cuhivar presently grown 
coB U iie roia lly in New Zealand. Only *Haywanl* 
fruit are currently exported. An industry based on a 
monoculture faces various problems such as the 
danger of suscq)tibility to particular pests and 
diseases, and tlieneed to harvest andpadc the whole 
crop within a limited period. DSIR Fruit and Trees 
has initiated a breeding programme on Actuudia to 
diversify its gCTetic base. There arc many ways in 
which 'Hay ward' could be improved and there is a 
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desire to intiodace commercially exploitable 
novellies. The present study of the flavonoid 

complement of A. deliciosa var. deliciosa is part of 
a larger project investigating the chemotaxonomy of 
Actinidia. This is being carried out in c(mjunction 
wilhDSlRFtaitandTteesandlsaBDedatinGreasing 
taxonomicknowledgeaboutthisandrebtedspecies 
for possible use in breeding programmes. 

Flavonoids are valuable markers in chemotaxo- 
nomy since they have been shown to give reliable 
specics-specificpattems(e.g.,MiEu1diametaL 1985). 
With the exception of condensed tannins (MichaiMl 
& Ane-Margail 1977; Fbo & Porter 1981) noprevious 
studies of the flavonoids of A. deliciosa are avail- 
able. A study of the chemistry of kiwifiruit is rqx>rted 
by Luh & Zhang Wang (1984) hot this does not 
inchide flavonoid components. 

In this paper, the flavonoid pattern d several 
cultivars of A. deliciosa var. deliciosa foliage is 
presented together with the results of similar studies 
of the fruit, and a potential mediod of sex deter- 
mination. The latter was undertaken to determme 
whether or not flavonoids could be used to determine 
the sex of the seedlings since A. deliciosa is dioecious 
and k normally takes 3-4 years for flowering to 
occur, thus ddagring the bieedtag fKOgramme. The 
s»Lddtamiiiation]noject involved checking juvenile 
leaf material because variations in the flavonoid 
profile with the age have been observed in other 
plants (e.g.. Bohm 19S7). 

MATERIALS AND METHODS 

Plant material used was as follows. 

1. 1904 mtroductionA. dIfffldoM var. d^lidoM, all 

grown at DSIR research orchard, Te Puke. 

Pistillate cultivars: * Abbott'; 'Allison'; *Bruno'; 

•Elm wood'; 'Gracie'; 'Greensil* CCoostricted'); 

'Hayward'; 'Jones'; 'Monty*. 

Staminaie cuhivarK *Malua*; M51; M52; M36; 

•Tomuri*. 

Inconstant males: Mill; Ml 17. 

Juvenile leaves of self-fruiting males and 

'Hayward' vines. 
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Fig. 1 Ptevaool structures; Kaempferol 3-0-glycosidflt 
Rl = H. R2 = sugar, R3 = H; Kaempferol 7-0-glycosides 
Rl = sugar. R2 = H, R3 = H; Quercetin3-0-glyco8ides Rl 
«H. R2 = sugar. R3 = OH; Quwtatjn? 0 glyciiMldW Rl 
-ngar,R2»H.R3-QH. 



2. Accession finm China, CCHl , A. deliciosa var. 
<fe/liclosia BOW grown at DSIR research orch^ 
TePuke. 

3. Fniitof'Haywafd'. 

Leaf material analysis 

Large-scale flavonoid isokaum 

One linidredgnms dry weigitt leaf BUtterial (oven- 
dried 100^ was ground in a Waring blender and 
extracted overnight at room temperature with 
EtOH:H.O(l:l). The extract was dried and then 
applied in water to a poly amide OGlnmn (libchery- 
NagelCC6)andehited with water toremovevarioaa 
non-flavonoid components. ctOH (95%) was then 
used to elute the flavonoids. Further purification 
was by paper chromatography: one-dimensional 
dBomatognuns (ID-PCs) were ran en Whatman 3 
MM chromatography paper using TBA(t- 
butanol:HOAc:Hp 3:1:1) or 15% HO Ac (aceUc 
acid); the eluted bands were then cleaned up by two- 
dimensional (2D-PC) chromatography (TBA, 15% 
IK) Ac). INire compounds were ehited firam 2D-PCi 
and analysed by the various techniques outlined 
below. 

Flavonoid isolation from other le(rf samples 

Ten grams dry weight (7-10 leaves) material was 
extracted as above. 2D-PC patterns were compared 
both with each otfier and with that for * HaywardMn 

some instances, e.g., CCHl, several 2D-PCs were 
nm , the spots elutcxi, and lurihcr analyses pcrtormed 
to ensure that ihe plants were identical. 



Sex determination 

ID-PCs were run on plant extract in 15% HO Ac. 
The Icywer half of the sheet was doted nd spotted 
onto a 2D-PC which was rerun in 15% HOAc after 
its initial TBA/15% HOAc development. This gave 
sqparation of the compounds which were then isolated 
SDQ loentiiieG. 

AMdyskoTthelhrit 

The fhiit (I kg sample) was peeled, then ground and 
extracted as above. The eluate was dried and applied 
in water to a water-washed amberlile XAD colunm 
to remove polysaccharide contaminants. After 
washing widi water the flavonmds were dienduted 
with 95% EtOH. Further purification was achieved 
by applying the eluate in water to a polyamide 
column. Elulion with water removed the remaining 
OQOtHninsDtt aod die flswiQids were doted widi 
ElOH. Find clean-op was by 2D-PC 

Flavonoid identification techniques 

Maricham (1982) describes the techniques used in 
flavonoid analyses. Brief details of techniques used 
hi diis smdy are as fbUows. 
Hdn-hiyer cfaRmatography (tk): ceOulose plates 

(F1440, Schleicher and Schull, 20 X 20 cm); 

solvents: HOAc 15% and 50%, TBA, 

benzene:HOAc:H,0 (125:72:5), n-butanol: 

BOttHp {4:1:22). 
lAnvioletlight(UV.366nm)fQrviewh«flavQiiQid8 

ontlc^K. 

NA spray reagent (Naturstoff reagenz-A Roth, i.e., 
dipheny Iboric acid ethanolamine complex, Koch 
Light. 1% solution in MeOH) used for spraying 
ticsand8Qoie2D^Cs.NILvapoorfbrenhanciQg 
flavonoid spots on tic and pc, both betoe and 
after spraying with NA. 

Acid hydrolysis of flavonol glycosides: 3M ! 
HCLMeOH (1:1), lOO^C, 10 min. 

Sugars: PC analysis nBaOKbemeneipyridiiie: 
H20(5: 1:3:3). Spots delected 1^ a /^•Disidfale 
hydrochloride spray reagent 



RESULTS AND DISCUSSION 

A.dlr&io«iconiauied8evendflavonols(Fig. l)but 
contamination by tannins and fluorescent materid 
proved a problem in the isolation of the pure 
flavonoids. It was found possible to remove most of 
these compounds using polyamide column 
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fig. 2 2D-PC pftttem of 
bvonoidt n AeAvUBa dtStitm 

•ar. deliciosa cv. Hayward. 
teprescntation of spots as seen 
nder idlnfiolet light (366 nm): 
hick outline = dark spot, major 
on ipooeat; thinoutUnesdaikspot, 
mnor oooqwnent; dadied oudme 
: fhioreacent spot, non-flavonoid 
mless numbered; dotted outline 
i-v) = trace flavonoids, not fully 
dentified, visible with NA. 
Numbering and lettering: all 
lavonoids arenumbered; structures 
lelisted inTabIe2. LeneringneliBn 
0 the colour of fluorescent spots: b 
: blue; w = white; g = green; p = 
M:; pp = purple; y = yellow. 1st 
un horizontal axis TBA, 2ildinit 
crtical axis, 1S% HOAc. 




; ,tfilorophyl| \ 10 ,\ 11 J 



re) 
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rabie 1 Structures of flavonoids from 'Hywad' Idwifiruit lewrei md fiuk. 



Compound Flavonoid Spot colour* 

lumber structure Leaf" FruU'' UV NH3 NA 



1 Quercetin 3-0-ihamnoside 7-0-gluco8idc * dark olive orange 

2 KanqiBrald-O^nliaoriidB * + dak oKve giMn 

3 QncvoelinS-O-mtmoride + dak oKve onogs 

4 Kaanorferol 3-0-rhainiioside + dak ofive gma 

5 Kaempferol 3-0-glucoside * + dark olive green 

6 Quercetin 3-0-rhamno6ide -t- dark olive orange 

7 QueroetinS-O-ghiootide -f dark olive orange 

t K j em p fcrolT-O-^yootide * yellow yeHow yeilow-peen 

9 Qnanedn 7-0-gliiocMide * yeOow yeOow yeUow-onqge 

10 Kaempferol ♦ yellow yellow green 

11 Quercetin * yellow yellow orange 

12 Quocedn 3-0-xylosjde * dark olive orange 

13 Quercetin 3-0-arabinoside * dark olive orange 



Relative inln»itiBtaiii«UV, •^itioiig, *w«ak. 

' + indicates compotmds ]vesent. 

Spot oolouis: UV « ultraviolet light (366 nm); NH, = ammonia viqpour, NA = Naturstoffreagenz A (Rolh) sguy 



:hromatography. Although the non-flavonoid 
:omponents, especially the fluorescent compounds, 
lave not been identified, their piesence may be of 
■e m identifying the preaeooe of A. deUchsa, e.g., 
in hybrid studies. 

Flavonoid chemistry of 'Hayward' leaf material 

Ihe 2D-PC pattern of flavonoids of A. deliciosa 
liiiyw»d* is iUotinlBd in 2 with ibe eiu^qp^ 
0fC0Bycwadl3,wliicfahMbwniiic1iidPdtolili^^ 



its relative position compared with the other 
compounds, but is not present in 'Hayward*. As 
discussed below. Compound 13 is present in 
siaadDaie collivaiB. 11» idettiQr of Ihe comp^ 
akxkg with their relative intensities and coloor 
characteristics, are given in Table 1. The dominant 
flavonols arequercetin 3-0-rhamnoside (Compound 
6), quercetin 3-0-glucoside (Compound 7), 
kaempiprol 3-0-ifaaiiiiioside (Compound 4), and 
qpeRiethi3-0-ifa«iiQgiinoside(Coii^^ 
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quercetin 3-0-rtiamnoside being the most dominant 
*H4iiiir was osed 10 idemify Compoond 3 «B the 3- 
O-futinoside (Nfabry et al. 1970). By aiuilogy, the 
kaempferol glycoside (Compound 2) is also assumed 
to be in the nitinose fcMin. Flavonoids (i) to (v) (Fig. 
2) are jvesent at low levels. Whilst their presence is 
seen from ao NA sprayed (100 mg ■ dw) 2D-PC it 
was not possible to fuUy identify these oooponids. 
However, (ii) and(iii)arethouightiobe4iiaoetiD3,7 
diglycosides. 

SadHlBrcBccs 

From an faiilisl survey, it appeared that staminaip 
and pistillate plants were dialhig ui riaMe on the 

basis of their flavonoid complements. Examination 
of the culti vars listed in this paper showed that, in the 
pistillate cultivars, only quercetin 3-0-xyloside 
(Compound 12) is present, whereas die irftr'^'frtf 
cultivars also contain quercetin 3-0-aial>fai<>- 
pyranoside (Compound 13). These compounds are 
present in small amounts and in some cultivars are 
hard to detect However, about 20% of the cultivars 
did not oonfonn to die above pattern. *Moniy*aod 
'Greensil*(pisdI]atecultivar8)oontaiiied Compound 
13 whereas 'Tomuri' (staminatecultivar) contained 
only Compound 12. This limits the usefulness of 
diese compounds for identification in hcvticultuie, 
bat it is sdU of interest diat such diffierenoes have 
been found. 

The other group of plants considoed in this part 
of the study were inconstant males, e.g.. Mill and 
Min.Tbcaeareplantswhkfchavebisainalflowm 
interspcfsed widi st^ninate flowers; die bisexnal 
flowers can produce fruit but usually they are small. 
Mill and Ml 17 both gave staminate flavonoid 
patterns consistent with the idea that they are in fact 
fruiting males, but diey cannot be (fistinguished 
from stamhutte cultivars using flavonoid cJiemistty. 

Cultivars of A. deliciosa 

A comparison of both unsprayed and sprayed (N A) 
2D-PCS showed no qualitative differences between 
the various cultivars odier dian die sex differences 

already described. C^uantitativedifirerences do exist, 

both in flavonoids and in the amounts of chlorophyll 
and fluorescence present but were found to be 
unreliablefor distinguishing cuitivarsof A. <ie/icu7ja. 

A different accession of A. deliciosa, CCHU 
gave the same flavonoid pattern as that from 
'Hay ward'; thus the pattern presented in this paper 
isconsidcred lobcarcliablc flavonoid paitcm for A. 
deliciosa var. deliciosa. This is imiX)riani since all 



the other plant samples examined in this study 
originatefromibe 1904 introduction and dms would 
be caqwded to be veqf similar. 

Juvenile leaf material 

2D-PC patterns from leaf material of juvenile self- 
fruiting males and juvenile 'Hayward' (pistillate) 
were the sanieas those from theadnUmalniaL Male 

and female patterns, although very weak, could be 
seen after the rerun (15% HOAc) of the 2D-PCs (see 
sex determination methods). Thus, juvenile leaf 
mmerial could be used to predict the mature plant 

Fruit 

The fruit of 'Hayward' contained very low levels of 
flavonoids compared with the leaf material but those 
identified were also present in the leaves. 

Idratification was by co-chromatography (tic). 
Relative concentrations of flavonoid (Table 1) are 
not listed because high levels of contaminants resulted 
in difficulties in obtaining a 2D-PC pattern. 
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Dynamics of soil and plant nitrogen in cultivated 
and no-till spring wheat systems following old pasture 



R. A. CARRAN 
DSIR Grasslands 

Piivsue Bag, I^ilinerston North, New Zealand 

Abstract When old pasture is cultivated, nitrogen 
(N) may be released in quantities that exceed crop 
demand. No-till cropping is an option that may be 
mcMeoonsavativDofN.Thisieportooosktoni^^ 
and distributiooof N by a wheat crop established by 
full c ultivalion or no- till methods, out of 1 2-year-old 
clover/grass pasture. N uptake was more rapid in 
cultivated soil and in both systems was essentially 
complelB after 40 days. The no-till treatment (fid 
Aow some livliier N accumulation later in the 
season during grain fill. Mineral N values and plant 
uptake rates indicate that N min^^lisation was rapid 
in both systems but only just adequate in no-till. 
Saiiq>ling the soil 10 1 J m depth in the winter 
following the crop showed both systems to have 
similar and substantial (about 1 60 kg N/ba) (pantities 
oi NO,-N moving through the profile* 

K^fPOf da nitrogen; wheat; peetaie; minenl- 
isttioii; cidtivMioii; no-till systems 



INTRODUCTION 

Old grassland, natural or managed, is generally 
characterised by large quantities of nitrogen (N) in 
the supporting topsoiL When Hie sod is broken, 
amcii of this N may be ndneraliaed and become 
available in excess of crop requirement. With the 
passage of time, the decline in soil N under 
C(xi ventional tillage is substantial and N availability 
amy oitiniaiBly limitprodiictivity (SeaisetaL 196S; 
Cananl983). 



H/88064 

Rmxivtd 20 Seftmbtr 1988; acctpUd 21 December 1989 



Systems involving minimum soil disturbance in 
cn^ culture (variously known as minimum tillage, 
cooaervatkm tillage, or direct-drilling) are designed 
loieduce structml damage lo soils and soil erosion 
butmay also generate a low^rateof N mineralisation. 
The relationship between tillage systems, in terms of 
N release, is by no means constant however. Rice et 
aL(1987)reportthatitiaiemctS8lnnglywilhdrainage 
dbtts so that pooiiy dnined soils release more N 
under no-till than conventional tillage. McMahon & 
Thomas (1976) showed that tillage systems also 
affected thepotential for leaching with no-till systems 
giving lower mineraHsBtioB aid higher leachhig 
losses than conventk>nal tillage. Lamb et al. (198^ 
present N budgets for sevmd systems which indicate 
the loss of 16% of total N over 12 years of ploughing, 
compared with about 2% in no-till, wheat-fallow 
cnpiiiQg. Deqi leadifaig of N0,-N was the laigett 
component of the N budget m differed among 
dieu- systems. 

The experiment described here investigates the 
N utilisation by crops in cultivated and no-till systems 
and the aocnmalation of NO,-N and NI^-N hi soil 
during the first crop foUowhig a pasture phase of 
moro tiian 12 years. 



METHODS 

Within an area developed from old (> 12 years) 
pasture, adjacent areas were sown in wheat by either 
no-till or full cultivation. These areas were to be 
continuously croppedmcerealsand had dhnensions 
100 X 10 m. An aiea of 20 X 2 m was maifced in the 
centre of each and was used for all measurements. 
Wheat, cv. Otane, was sown on 30 September 1986. 
The cultivated treatment was ploughed 4 weeks 
before sowing andcultivated following local practice 
during that period. Existing vegetation was killed 
with glyphosateatsowinginihe no-till area. Neither 
system had significant weed populations during 
growth of the crc^. The soil was Kairaqga silt loam 
with 0.40% N, 3.7% C, and pH 6.1. 
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At regular intervals, four known areas, deter- 
nuned at randoin wiifaiii the nieaneflMot ana but 
sqwrated by at least 1 m of nndistiifbed crop finoin 

any otfier concurrent or previous measurement area, 
were harvested by hand-pulling plants. From within 
each of these measurement areas, four 25 mm diam. 
ai)U cxies were nken ano sepaiaiBd into seciioos Of 
0-75, 7S>150, and 150-300 mm depth. The plough 
layer was at 150 mm in the cultivated treatment 
Comparisons between sampling times within tillage 
systems, and comparisons between the tillage systems 
at any sampling time were evabiaied by two-tailed 
/-testing. Table 1 shows final yields of whole ears 
from plot harvests and grain yields (ex combine) 
from the larger areas that the plot were located in; 
also shown are the yields of the other cultivated and 
iM>>tiU areas located in die same paddock. 

Plant samples fromeareoMieooetofinalharvest 
were separated into the ccmiponents: leaves; stems; 
and ears. At the final harvest, ears were separated 
from the remainder of the plant. Roots were not 
measured. Plant parts were analysed for total P and 
total N (including NO3-N). 

Soil samples were sieved (2 mm) and extracted 
with 2M KQ (containing 5 |ig/ml phenyl mercuric 
acetate) at a soil:extractant ratio of 1:10. This was 
compeced within 3 h of sampling. The KCl extracts 
analysed for NO,-N andN^^-N by automated 
colorimetry. Soil water content was deiennined 
gravimetrically on all soil samples. 



RESULTS 

Nitrogen uptake by crop 

Fig. la shows the cumulative uptake of N by Ihe 
wheat crops. Rapid uptake early in crop growth was 
obvious under both methods of tillage. Beyond 40 



Tabkl Yields oflwMMiarvested plots and grainyiBldt 

(ex combine) of the areas in which small plots were 
located and of adjacent cultivadon or no-dll fdott. Values 
in parendieaes are die standard error of the mean. 





Yield (t/ha) 




Full cultivation 


No-till 


Hand-harvested 
(whole ears) 


9.17 Ctl.91) 


7.62(^.94) 


^Id ex combine 


5X)4Ct0.24) 
ii«3 


4.59 CtO-48) 
11-3 


Yield of adjacent 
aieif 


5 J3 (±0.39) 
11-9 


4.84 (±0J2) 
11-6 



days after sowing (DAS) no significant uptake 
occurred. The principal component afifoctiai 
difference in N uptake was plant yiehl* at % N 

remained very similar in all plant parts and sampliqg 
times (Fig. lb). It should be noted that the residue 
firacti(Mi (all material except ears) had a signi ficantly 
higher % N in the cultivaled tteaunent <!0U6% c£ 
0.4%). The difference is small in absolute tennsbit 
hw a laige efifea on C:N ratio of residues. 

P uptake by the crop 

In contrast to Niq)take,Piq;>take patterns (Fig. Ic) 
show a tendency to increase tfuoufll' tt^ a hwetf 
mairimum A clear advantage is seen in the cottwh 
ted system up to 90 DAS; ihereate Ite 9p cioHi^ 

Soil mineral nitrogen 

In a dynamic {voduction-utilisadcMi-loss syaem, 
pointmeasurememsof a property UkeaoiniBMiN 
need careful interjHetation. The data (Hesenied in 
Fig. 2 showed that, despite the rapid uptake of N up 
to 40 DAS, both tillage systems were sustaining 
substffiitial quantities of N in die vsppsi profile. In the 
no-tUl system, the 0-75 nm layer WW moaiactive 
duringthis time whereas MghraiesofniineKBiisBlian 
are apparent in the entire tilled layer of die cultivated 
system. The influence of the inverted surface layer 
can clearly be seen in die high values of the 75-150 
nun layef in the cultivaled system. 

During theperiod 13 November 1986-7 Jamiary 
1987 (43-98 DAS), no significant changes in die 
mineral N [)ools occurred nor did the systems difier 
until after rain fell on 17-23 January (49 mm), wbea 
mfaieralisaiion was obviously iifhnnlatfid intheO-TS 
mm layer of the no-tiU area and teDuch ■> tfes ! 
I^ough layer under cultivation. 

Soil sampling to 1.5 m in late June 1987 showed 
that accumulation of NO,~ -f NH.^ was similar ia 
both tillage systems (Tabte 2). Ofenl a ii on oft sol 
water biitanoe indicated that soil wnier (fid Ml 1 
recharge to near field capacity until the moruh of j 
sampling. The horizons sampled should, therefore, 
include all excess mineral N produced since 
cuhivation less any gaseous hMses. 

NitrilicnIioB 

A large proportion of the mineral N was NO.-Nst 
the earliest sampling, but the proportion of NO,~H 
declined until 98 DAS. During the period of 
decreasing soil water availability. Ni^-N becoae 
the donunant fiT***i wiA little nittificaiiooappaHt 
until after the rain diat feu before aaaapiii^ at 127 
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30 60 90 120 

Days after sowing 



Fig. 1 Nutrient uptake in the two tillage systems 
throu glMUt the growing season. A, N iq)take; B, N content 

no-dn. In B. the lines for N ooment of eart cmnot be 

separated graphically. * and ** indicate differences 
signi&omt at the OlQS and (101 levels of probabili^ 

DAS. An sampling dep&is showed an £qjpreciable 
proportion of NO3-N at times but the relative 
importance of in situ nitrification and NOj'Uansixxt 
in the deepest layer is hard to judge. 

Interpretation of the influence of soil water in the 
two systems is limited by having only giavimetric 




O 75- 150mm 




Days attar sowing 



F|i. 2 Content of NH.-N -i- NO.-N in the Ifane Mfl 
layers sampM. SolidliM-ltancalfivtfka. MMiliMt 

= no-tilL 

soil water coatcDt data. The two systems behave 
sfanilBiy with valnes lemaining high ifaRNigh the 
fifSt 30 DAS, declining (Fig. 3) OBtil an early 

December rainfall, then drying progressively until 
the rainfall before the final harvest. The essential 
point is that soil water is unlikely to have been limit- 
ing cix^ gfoiwtti before or emeigenoe fai tfdi aonon. 
Thedfects on N mineralisation were nuxe distinctive 
however, as the paiod when NO," + NH/ changed 
v^ little coincided with the driest rainfall period, 
and lewetting with a marked increase in mineral N 
content NitrificadOB tales atao appeiral to have 
been influenced strongly by soil water availability 
with NO,-N forming a less significant propodioo of 
mineral N during the dnest period. 
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Tabk2 MklwiniBrtoas«qiUiigof NO^^-i-NH^-N. to IJ m; 



E)q)ths (mm) 




ND,- + NH/ (mg/kg) 




Cullivaled 


No-iUl 


Estimated kg/ha 


&-300 


18.6 (±2.9) 


20.6 (±4.6) 


70 


300-eoo 


12w4Cfel.8) 


12.2(±6.<9 


44 


600-900 


7.1 (± 2.4) 


6.6 (± 3.4) 


2S 


900-1200 


4.6 (± 1.6) 


3.9 (±1.5) 


14 


1200-lSOO 


3.1 (± 1.4) 


33 (±0.7) 


10 




ISO-aOOmm 

"To 60 90 120 

Days after sowing 



Fig. 3 Soil wateroontent(% by weight) in the three toil 
UQrent«nq>led.SoIidliiie8>: full cuhivatiQn, broken lines 

DISCUSSION 

With conveniioniU lillajic, planl growth was enfuuiced 
early in ihe season and nuirieni uplakc and yields 



determined by 44 DAS. The no-lill trcaimcni 
devekq)ed more slowly and ultimately attained a 
lopcr yield. The progivnivc jncmuft in locil P 
uplrin fian geraiination to harvesi in the ncHill 
treatment reflects this difference. 

Both treatments appear to have mineralised 
enough N to meet crop demand as mineral N levels 
in die sofl were 8tiU Idgh « tiie end of die N uptake 
poiod. It is not possible to det^mine mineralisation 
rates firom mineral N values but plant uptake and net 
change in mineral N to 3(X) indicate that, by 44 DAS , 
227 and 117 Icg/ha had mineralised in conventional 
and no-till respectivety.and the boBc of that between 
30 and 44 days. In terms of daily mineralisation 
rates, these are high values: 5.2 and 2.65 kg N/ha day 
using 44 days, and 162 and 8.4 kg N/ha using 14 
days. Ftartbennoie, this rapid net minenlisation 
does not continoe past die period of lipid crop 
growth since there is no evidence for mineral N 
accumulation in the soil after that time. The continued 
uptake of P suggests that this is not related to soU 
water availability. Hart etaL (1979) report similar 
paUBms of N uptake for wheat crops, and tfieir 
oonqMriaons with fallow soils suggest that the crop 
enhances mineralisation during the most rapid growth 
phase. Loss of N from the plant to the atmo^here 
(Qonm 19B2; Huper et aL 11W7) is a forther &cior 
that could give rise to a low estimate of N 
mineralisations. 

This pattern of N uptake is different from those 
iqx»tedfcrwinterwheat (Harper etal. 1987; Willson 
1987) where KXal plant N increases p togiesst vdbf 
from stem elongation until maturity. Spring wheat 
examples are not readily available in New Zealand 
especially where N is availabte in quanti^. Campbell 
et al. (1979), however, showed diat N npfaiee 
continued iBtilinalnrity under Ugh rales of N and 
adequate water supply but where water became limi- 
ting, N uptake stopped and total plant N declined 
over time. 
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Mineral N contents of the soil in June showed a 
substantial quantity remained in both systems. The 
wner balance calrutolfd finom Squcmiber to Jane 
•oggests that signifioitt loss of NO,-N by leachiog 
was unlikely however. If the NO3-N values are 
added to the crop intake values, it can be seen that 
AefiiUciiltivationdidnsoltinasnlMantially greater 
aelenae of N. Htiwever, the balanoea praaenied hoe 
are not complete and omit processes like 
im mobilisation associated with straw decomposition 
which could require 19 to 50 kg NA straw, as well as 
KiinHiHilif rip loaaes. hk a4 ititfffl! ^ leraiks may well 
wy in aeaaona of differing lamfiriL 



CONCLUSIONS 

In the season studied, full cultivation mobilised a 
substantially larger quantity of N v^iich was reflected 

1 . Higher product N, 202 cf. 146 kg/ha; 

2. Higher residue % N, 0.6 cf. 0.4 % N; 

3. Higher N availability f(v the stubble crop; c. 90 
cf.65kgN/ha. 

Htmever ihere iiiaa no evidence tiiat BBQie N was 
available to loss jHOcesses at midwinter. The data 
collected do not allow assessment of losses to the 
atmosphere or differences that may have accrued in 
the organic fiactiona. Losses between cultivation 
and acrwing have not been measured either bat any 
leaching of NO,' that occurred during that time 
should have appeared in sampling to 1^ m in June 
1987. 

Although the cnltivated system clearly 
Biineralised more N, the increased activity was 

confined largely to the rapid phase of crop growth. 
The no-till system conserved more N but was less 
I^oductiveasaconsequence. Theconservativeeffect 
did notextendnmchbqranddODAS andabigeand 
sianbramoumofNOj-N was present in bodi systems 
at midwinter. The potential for under-utilising the 
large amount of N released when pasture is conver- 
ted to arable was not significantly affected by tillage 
aaSi^hod* 
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Breeding and development of flue-cured tobacco cultivar 
'Moskuaka 85' 



R. A. BEATSON 

A. P. CLASSEN 

D. JACKSON 

DSIR Riwaka Research Station 
R D 3 Motueka, New Zealand 

Abstract ' Moskuaka 85 ' , a new cultivar of flue- 
cured tobacco, was developed for New Zealand 
growing comfitkMis. It has resistance to three 

Zealand: tobacco mosaic virus (TMV); black root 
rot; and verticillium will. 'Moskuaka 85' was deriv- 
ed bom a cross made in 1973 between a TMV 
lesisiam IVuwinese floe-cued cnli^ 
Zealand breeding line resistant 10 black root rot and 
verticillium wilL Resistance screening for the three 
disease was perfcMmed from the to generations 
of the cross using standard pedigree breeding 
procedures. Twenty F, lines were evaloated for 
agronomic. ciiemiciil,and physical characters. Eig^ 
F, lines were entered in regional small-plot trials. 
After three seasons of evaluations at three sites, two 
R. lines were tested in large-scale (2 ha) trials. 
'Modmaka 85' was fdeased in 198S as an F„ line. 

Keywords flue-cured tobacco; disease resistance; 
ic^cco mosaic virus; black root rot; verticillium 
wilt; genotype X environment interaction; plant 
bleeding 



INTRODUCTION 

There are three major diseases of concern to the New 
Zealand flue-cured tobacco industry. They ace 
tobacco mosaic vims (TMV), black lOOt lot 

{Trie hoc ladium basicola (Berkeley & Broom) 
Carmichacl), and verticillium wilt (Verticillium 
dahliae Klebahn). All three diseases are widespread 
in the tobacco-growing district of Nelson, and have 

HI89059 
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caused economic losses from time to time over the 
last SO years. Within the genus Nicotiana there are 
good soorces of resistance 10 TMV and 7. tesieola. 
These sources of resistance have been widely used in 
tobacco breeding programmes worldwide. TMV 
resistance is conditi(Mied by a single dominant gene 
(N gene) wldchhasbeentransforedintoM tabacwn 
firom the species N. ghttinosa (Holmes 1938). This 
resistance is of a hypersensitive type and manifests 
as a necrotic local lesion when resistant plants are 
inoculated with the virus. 

Black foot rat is a soil-bofne fimgal disease and 
resistance is inlwritedpolygenically (Clayton 1953). 
Sources of resistance have been obtained from within 
N. tabacum (Burk & Heggestad 1966). The above- 
ground symptom of black root rot is poor agronomic 
perfonnanoe and die disease is identified by die 
presence (rf Made lesions on the root system (Lucas 
1975). 

Since verticillium wilt was first identified in 
1944 in New Zealand (Thomson & McLeod 1959) 
extensive research has been undertaken (HI methods 
of control (McLcod & Thomson 1959; Ibomson & 
McLeod 1959; Wright 1968). No sources of 
resistance within other species of Nicotiana were 
found (McLeod & Thomson 1959). One of the 
principal areas of investigaiion since tlien has been 
to find lK)st resistance within N. tabacum. As a 
result, several cultivars, mainly from the USA, with 
some degree of resistance to verticillium wilt have 
been klentified (McLeod ft Thomson 1959; Wright 
1968). Some of these cultivars have been used 
extensively in the New Zealand verticillium wilt 
resistance breeding programme. Three New Zealand- 
bred cultivars with resistance to both verticillium 
wiltandbiackrootiothavebeenreleased since 1966 
(Beatson 1973; Wright 1973; Beatson et al. 1979). 
Genetic studies by Wright (1968) and Beatson 
(unpubl. data) on verticillium wilt resistance have 
shown thatmos(of the genetic variation is controlled 
by addilhre fiKtccs. Ilanis infected widi K dloMi^ 
^Us|)lay die dassical symptoms 6i vascular wilting. 
TigCT striping of leaves often occurs down one side 
of the plant (Thomson & McLeod 1959). 
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In 1973, a cross was made at Riwaka Researph 
Stadonbetween 'VamfenHicl»\aTiHwane8eTI4V 
resistant flue-cured cultivar, and a New Zealand 
breeding line, 7278-202, with good resistance to 
both black root rot and verticillium wilt. Selection 
for resistance to the above three diseases was made 
in the segregating geneniions nnng the pedigree 
bleeding procechire. Preliminary yield testing ^F, 
lines was completed and eight F, lines were 
subsequently selected for regional farm trials. This 
paper discusses pnx:edures used in the devel(^xnent 
oi uMeMe-iCMBBt iDDBOoo pweo n g iinea mq me 
regional trial series icsults with snbeegnentcnltivir 
leleaae. 



MATERIALS AND METHODS 
Breeding Uttory 

In 1973, a cross was made between a black root rot 
and vCTticillium wilt resistant breeding line, 7278- 
202, and 'Vamfen Hicks', a TMV resistant line 
(hereafter referred to as the 2072 family). The 
hybrid was grown in the glasshoose during winter 
1973 to pio(hiceF«seed ready for field testing in the 
1973/74 season. From the F, to F^ generations, 
pedigree selection was practisea(Allard 1960),based 
on resistance to the three diseases and plant type. 
Sdections fot agronomic perfonnanoe were made 
on F^ breeding lines. Selected F, lines wereevahiaied 
in replicated small-plot regional trials commencing 
in 1980/8 1 and evaluated for three growing seasons. 
As Fj^ines, further selections were made for large- 
scale (2 ha) grower evahmiions commencing 19B3/ 
84 season and continuing the following (1984/B5) 
season. Bulked seed lots were used for the large- 
scale evaluations. In August 1985, a decision was 
made to release one of the F„ lines as a new cultivar. 

Selection prooednres 

In the segregating Fj-F^ generations, artificial 
hiocQlaiionwasemployed to screen foriesistanoe to 
an three diseases. Black root rot resistance was 
assessed at the seedbed stage whoe sterilised beds 
were inoculated with oattneal-sand cultures of T. 
basicola before seed sowing (Wright & Biss 1967). 
At transplanting, seedlings were lifted, their roots 
washed free of soil, and examined for resistance to 
black root rot by visual appraisal of their roots. 
Sascq)tible control culti vars were used to ched: die 
pathogenicity of T. btukoku Selected plants were 



then inoculated with a ccmidial suspension of K 
dieiU&»(10^oonidi«toOby standing t^^ 
inoculation solution for 1 h inbrightsanliglit(Ii8rf| 
&Campbell 1976). The plants were then transplantsd 
into a quarantine area where the natural infesiau]t 
by V. dahliae was high. Susceptible contiQl culu v ^ 
were used to check on mfection levels in Aefidi 
Ai^voximately 6 weeks after transplanting, esa 
plant was inoculated with a TMV solution in m 
form of TMV-infected green leaves ground ia a 
carborundum-based su^)ension (Gibbs & HacrisQi 
1976). 

Tlie friants were treated in accordance widiaVH 
mal agronomic practices for flue-cured tc^accc 
(Hawkes & Collins 1983) excq)t that they did na 
htm dieir inflorescences removed. This allowed 
siib8e<|aeot seed saving finom selected ptams. 
Unopqied inflorescences of the selected plants wot 
bagged to ensore self-pollination (WemsoMB A 
Matzinger 1980). 

Thffff p roppilii'TBrB iW fid w f liTiinii fr n ii liiUMni 
to all three diseases on die sbbm piaais in OBe| 
growing season; i.e., after flowering had commenced, 
plants which had been selected before transplanting 
for black root rot resistance, were selected 
sunoltaneoDsly for vertKillium wilt and TMV 
lesBHuoeL ijwwui bbpo ihjih leauHHt imbhb wb 
ttaos obCsiBed. 

Replicated yield trials 

A total of eight F, lines from the 2072 family were 
chosen for more extensive evaluation in regional 
finn trials. For comparison purposes, the stsmtad 
commercial cultivars 'Kuaka427' and 'KuaknMT 
were included in all trials. Three locations were 
chosen, to represent soil type and local climatic \ 
differences, llie k)cations were Riwaka (Riwakasiit . 
toam),Motiicka(HMStoneysikkwm), midMo tMfc i 
Tnllfij CThrrrj nnnriji Inum) Thr lim ii ami i iilssld 
over three seascMis (F, to Fj^ graeration) at each of 
these sites. There were four rq)lications per trial site 
with plot size being a single row of 25 plants. A 
randomised complete btock design was used. 



Hdd measurements includeddaysto fl of wui a g ff— 
transplanting), number of harvested leaves, pivi j 
height (cm), and leaf length (cm) ^d leaf width (cm) 
of the fifth leaf from the top of the pUoL 
Measurements were made on five random piMs per 
plot Days to flowering was cilmlalBd as SMtf 
ptants per plot with at leatt one flower opeai 
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foUowi: 

(0 net yield (kg/ba): of saleable leaf calculated 
from plot weights with adjustments for missing 
plants following the procedures of Crews & 
Jones (1962): 

OD nelgnde index: weighted avorage desirability 
on a scale of 0-100 based on the international 
flue-cured tobacco grade system and adapted 
for use in New Zealand 0^. W. James, Hue- 
cnredgndingdesirai)i]iiy8cliedntel965.DSlR 
internal leport); 

(iii) moisture at equilibrium (%): detomined by 
placing a sample of cut tobacco (13 cuts/cm) in 
a conditioning chamber held at 25X and 60% 
idalive bomllity for 72 h; 

^) filling value (cc/g): by the standard piston and 
cylinder method (Artho et al. 1963) using cot, 
conditioned tobacco from (iii) above; 

(v) reducing sugars (%); and 

toldnicotinr,«ltaloids(TNA)(%)detemimed 
s pec ti inrfiotMneOically accofding to standard 
procedures (Harvey et al. 1969). Physical and 
chemical measurements were performed on 
composite plant samples. 

Statistical analysis 

DaiaiMreamAysedusingtbefoltowinglinearroodel: 

H =n+VS, + YS^+R^ + G. + GY^+GS^ 

whCTc: 

=plotvariai)le; 
11 a oomlalion mean: 
Yj ■yeariandooieffiBCtwlmelaltoS; 

a location random effect where k s l to 3; 
iL_ K replication landom effea wheie j 

= lto4; 

G. = genotype fixed effect where i s 1 to 10; 
YSy = years X location effect; 
GYjj = genotype x years effect; 

OS* 

GSY,. 

I mdom cnor efibct 



= genotype X location effbcl; 
^ s genotype X location X year efifect; 



E3y)ected mean squares fw the mixed model used in 
the dan analysis were deiennined (Steele & Toirie 
1980) to allow appropriaieF-iatios to be used in the 
hypothesis tests of interest. An approximate F-test 
was required for hypothesis testing of genotypes and 
therefore approximate degrees of freedom as 
pqmed Iqr SatleftliwaiiB (1946) ' 



RESULTS AND DISCUSSION 

Table 1 summarises the regional evaluation results. 
Yields of all breeding lines were at least equal to or 
better than the commercial cultivars 'Kuaka 427' 
and 'Kuaka 860'. For leaf quality, as judged by 
grade index values, most of the 2072 family breediitg 
lines compared favourably with the two commercial 
collivn. Breeding line 2072-85 was significantly 
betlor tiian the standard cultivaiB for filling value, a 
character which is important in tobacco 
manufacturing. There were significant differences 
among breeding lines for moisture at equilibrium, 
another important physical leaf duvacter for 
manufacturing. TNA and redadng sngara were all 
within acceptable ranges in comparison with the two 
commercial cultivars. Plant height and number of 
leaves per plant of the Iveeding lines were similar to 
the standard cultivars while the 2072 fimily lines 
tenckd to flower slightly eariier than the standards. 
There was litUe difference in leaf length between the 
2072 breeding lines. All of the breeding lines had 
broader leaves than the Kuaka cultivars. Coeffi- 
cients of variation were acceptable for field trials 
(LeQergetal. 1962). 

Table 2 shows that genotype X environment 
interaction was non-significant for most characters, 
in agreement with other tobacco studies (Jones etaL 
I960; Gupton et aL 1974). Genotype X location 
effect was significant for yield and plant height 
whereas genotype x year effect was significant for 
filling value, reducing sugars, plant height, numbw 
of lea^ and days to flowering. The second-order 
impaction component, genotype x location X year, 
was significant for leaf length only. 

In Table 3, the Fj hybrid between 'Kuaka 860' 
and 'Moskuaka 85' and the mid parent value is 
compared. There were no significantdifferences for 
characters between the F, and the mid parent value, 
apart from total nicotine alkaloids. Therefore, 
growing the TMV resistant F| hytuid offers no 
commercial advantage. 

From the 2072 fiunily legional trials, P^^ lines 
2072-85 and 2072-86 were advanced to large-scale 
(2 ha) farm trials. After two seasons and extensive 
evaluation of manufacturing properties, 2072-85 
was selected f(v commercial release. In compariscm 
with *Kuaka 860* (the commercial cultivar of 
preference), 2072-85 was significantly bettw for 
filling value and had broader leaves. Line 2072-85 
was released in 1985 as 'Moskuaka 85'. Currently, 
*Mo8loniai85'n|iR8Bnts40%ofthedaoiestically 
grown flue-cared totaooo. 
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Total 









Filling 


Moisture ai 


nicotine Reducing 


Plant 


No. 




Uaf 


Leaf 




Yield 


Grade 


value 


equilibrium 


alkaloids 


sugars 


height 


leaves 


Days to 


length 


width 


Genotype 


(kg/ha) 


index 


(cc/g) 


(%) 


(%) 


(%) 


(cm) 


(per plant) 


flower 


(cm) 


(cm,i 












231 


13Ji9 




u.9Jm 






<» Tift 


KDaka 860 


3011 


51.43 


4.09 


12,90 


i43 


1532 


110.8 


18.0 


75.1 


62.0 


23.2 


2072-72 


3046 


5148 


4.25 


12^ 


232 


1448 


105.1 


18.1 


73.7 


60.9 


24.1 


2072-81 


3268 


50J56 


4j04 


12.90 


2M 


1S.69 


99.2 


18j9 


74.7 


603 


23JS 


2072-82 


3358 


50.16 


3.97 


12.99 


233 


16.16 


101.1 


19.0 


74.2 


61.1 


24.4 


2072-85 


3021 


5U1 


435 


12.75 


lAl 


14.66 


1073 


18i) 


74.8 


61.1 


26.1 


2072-86 


32S2 


53.93 


4.03 


13.05 


IM 


1621 


104.6 


175 


743 


61.1 


25A 


2072-89 


3164 


51.28 


4.11 


12.92 


2.61 


15.13 


101.8 


183 


73.0 


60.6 


24.9 


2072-91 


3021 


50^1 


4.07 


12.85 


2.68 


15J» 


1073 


18.1 


75.2 


593 


2S.2 


2072-92 


3072 


52>46 


4.11 


12^ 


237 


1538 


107.0 


17j6 


74w2 


61.1 


2&4 


Genotypes 
























LSD 
























P = 0.05 


196 


1.85 


0.25 


0.28 


0.21 


136 


4.1 


0.8 


13 


2.1 


13 


P = 0.01 


264 


2.48 


034 


038 


029 


1.82 


53 


1.1 


1.8 


2.9 


1.8 


cv% 


521 


5J06 


7/40 


2.99 


12.75 


12.24 


4j01 


4.01 


1.75 


3.77 


6.09 



Table 2 Regional trials conducted over three locations and 3 years: ANOVA F-test for genotype X environment 
interaction. NS = not signficant at P = 0.05; [NS] = significant at 0.10 >P> 0.05; * = sigiUficanl ati* » 0.05; *♦ = 
significant at = 0.01; = significant alP = 0.(X)1. G = genotype; L = location; Y = year. 



Interaction 


Yield 
(kg/ha) 


Grade 
index 


RlHng 

value 
(cc/g) 


Moiittn 

equilibrium 

(%) 


Total 

(*) 


"(ST 


I Pbnt 

height 

(cm) 


No. 

leaves 
(per plant) 


Days to length 
flower (cm) 


Lerf 

width 
(cm) 


GXL 


*** 


NS 


NS 


NS 


NS 


NS 


** 


NS 


NS NS 


NS 


OXY 


[NS] 


NS 




NS 


NS 


*• 






• NS 


NS 


GXLXY 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS *• 


NS 



Table 3 Comparison of F. hytnid and mid parent value means oandncled over three sites aiul 2 yean: agronoauc, 
dMmical, physical, and fiela mMmranents. 

— 

Filling Moisture at nicotine Reducing Plant No. l eaf Leaf 

Yield Grade* Grade* value equilibdum alkaloidt nigan height leavet Daytio kaffh widdi , 
Ocg/ha) iwkxl index2 (cg/|) (%) <«) (%) (cm) ^filHt) floiver (caa) (cm) | 

F Hybrid 2897 12.25 14.02 4.71 12.86 2.28 20.34 117.1 17.3 70.1 66.1 27.8 
Mid parent 

value 2784 12.39 13.94 4.89 1275 2.18 20.26 115.9 17.4 71.4 64.4 27.6 

Slati-^iical contrast'' 

F,V5 parents NS NS NS NS NS ♦ NS NS NS NS NS NS 

* s Grade index of two tobacco manufactuiing companiei where grade index a weighted deaafaili^ baaed on a scale oC 1-20 «tf 

related to grade -pnce schcJnie tor each jtqianite company. 

* = f -leit jignificancc: NS = n»>« sixinfjuint AP = 0.05; • = tignificantly different at P = 0.05. 
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BottGO el aL— Toteoco cultivar 'Moekuaka 85' 

In fiDO-cared tobacco txeeding progiainiiies 
woriilwide,ii8eof ibeM ^/u/z/i^jsTMVnsistaiice 

has generally not met with success. The reason 
appears to be that during the transfer of the N gene 
from N. glutinosa (Holmes 1938) the intra- 
chrotnogomal sogment also carries genes wliich 
result in TMV resistant N. tabacum breeding lines 
with inferior agronomic perfOTmance (Chaplin et al. 
1961; Chaplin etal. 1966; Chaplin & Mann 1978). 
However, the results in the trials reported here 
indiciMD that 'Mosknaka 85% mder New Zealaml 
conditions, performs well in comparison widi 
ooouneiGial cultivais lacking the N geoe. 
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Cytological examination of three cultlvars of garlic (Allium sativum L) 
by C-banding and flow cytometry 



J. p. S. SUKIAS 

B. G. MURRAY 

Department of Botany 

University of Auckland 

Private Bag, Auckland. New Zealand 

Abstract C-banded karyotypes were prepared for 
three of the more impcmant garlic {Allium sativum 
L.) cukivan grown in New Zealnd, 'CaUfamia 
Early*. 'California Late*, and *Red Gariic*. The 
cultivars all have unique banding patterns with the 
largest bands at the sites of secondary constrictions. 
RiUief bands were localcd in tcnninal positions on 
different numbers of chromosomes in die three 
cultivars. A limited number of bands were seen in 
interstitial positions, especially on die nucleolar 
organiser (NOR) chromosomes. Centromeric bands 
were entirely absent Flow cytomeiiy was used to 
measorenoclear DNA amounts wliicli werefound to 
be the same in the three cultivars. 

Keywords garlic; Allium sativum L.; Giemsa C- 
bmls; 'Qdifbniia Eariy'; 'Qdifimia Laie*: *Red 
G«iic*; flow cytomeiiy 



INTRODUCTION 

Garlic (Allium sativum L.) is a diploid species that is 
always vegetatively propagated, as many cultivars 
never flower and diose that do are coiiq)letely ster- 
ile (McCdlum 1976). Because they usually laclc 
flowers, the number of characters available for the 
classification of cultivars is severely limited and use 
most be made of features such as leaf width and 
number, dove characteristics such as die colour of 
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die paper tissue enclosing the cloves, and whether 
the cloves are formed in the axils of few (usually 
two) or many leaves. Other characteristics socfa as 
whedier t flower stem forms or not, and water 
reqoirements are also considered important 
(KonviclEa & Levan 1 972), but are not always easily 
determined. A classification system for garlic has 
been devised by Hreby ft Konvidca uing these 
characteristics, and is cited in Konvicka & Levan 
( 1 972). The three New Zealand cultivars used in this 
study, 'CalifomiaEarly 'CalifomiaLate'.and 'Red 
Oaific*, can be plaoed. with some reservations, in 
eachoftfie U ire ep ioposedcategoiies.Anabbreviaied 
version of their classification system is: 
H Type. Cloves in the axils of two leaves, and the 
cloves have violet paper. Leaves are broad 
and are formed inadefinite number. Flower 
atoms usually develop. This category 
comprises late-maturing forms which have 
a high water requirement and remain 
upright when ripe. 'Red Garlic' falls into 
thb category, but its paper coioor is belter 
described as red. 
UType. Cloves develop in many axils and the clove 
paper is white. Flower stems develop 
infiequenUy. Leaf number is indefinite. 
This category comprises later-matoring 
forms with broad leaves and is recombent 
when ripe. It has a high water requirement. 
'California Eariy' fits diis categixy except 
that it is an eariy-maturing type. 
AType. Thisissimihu'toUTypeinsomerespects, 
but it differs in early maturation, narrow 
leaves, and low water requirements. 
'California Late' fits this category except 
thfltitislttematoring. 
in this paper we have Dsed Giemsa C-banding 
and the measurement of genome size by flow 
cytometry with the aim of finding odier taxonomic 
characters to identify garlic cultivars. Giemsa band- 
ing can produce transverse bands on plant chro- 
mosomes by staining the regions of constitutive 
heterochromatin (Schweizer 1973; Vosa 1973). The 
mechanism of C-banding is still uncertain, but it is a 
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useful technique that can be used to cfaanderiae 
crap cidlivafs or specific chroaKMomes in fayMds 

(Hesemann et al. 1987). Row cytometry allows 
accurate measurements of a large number of 
fluorescent labelled nuclei by passing them through 
an excitatian laser beam, causing individnal miclei 
to flnoresoe. Using highly specific I^IA stains, 
fluorescence emission intensity corresponds to 
nuclear DNA content. Measurements obtained 
correspond to relative DNA amounts which can be 
converted into abscrfute values by compariaoa with 
a standard of known DNA content Thus different 
cultivars can be easily compared and any differences 
may be of diagnostic value. Recentstudies on maize, 
for eaiample, showed difiintaces beciveen cnltivais 
(Ri^biinietaL 1965) which can be idatodlo their 
chromosome baoffiog pattenu and hei e ro chro maiin 
content. 

MATERIALS AND METHODS 
C4NUidiiig 

Cloves of each at the cultivan were planted hi a 

stylised bark/soil mixture. Healthy root-tips were 
subsequently collected from vigorously growing 
plants. The excised root-tips were pretreated in a 
satufated sotutiaa of ^Hlichlorobenzene for 18h 
at4X. Hiey were fixed in a 3: 1 solution of absolnte 
ethanolracetic acid for 24 h at 4**C. Chromosomes 
were prepared using the air-drying technique of 
Geber & Schweizer (1988). This involves the 
digestion of the ceil wall with a mixtuie of pectinase 
and cellulase to produce protofdasts diatcan then be 
air-dried onto a slide. The chromosomes were then 
stained using the C-banding schedule of Seal & 
Benneu (1981). Slides were hydrolysed in 45% 
acetic acid for 2-4 min at 60°C, and then rinsed 
twice in distilled water. This was followed by 
treatment with a saturated solution of barium 
hydroxide (10 g in 200 ml at 60°C and then allowed 
to cool) at 20°C. After 5 min they were dipped in 1 % 
acetic add and rinsed in distilled water. The slides 
were dien placed in 2xSSC (2x saline sodiun 
citrate: 3.5 g sodium chloride + 1.76 g tri-sodium 
ciuate in 200 ml distilled water) for 90 min at 60X. 
The slides woe rinsed again in distilled water, and 
then stained in a 3% (v/v) Giemsa's stain (Gurr*s 
improved R66) in sodium phosphate buffer (pH 6.S) 
at room temperature for 10 min. The slides were 
then riascd, ovcn-dricd, and a covcrslip mounted 
with DPX. 



Flow cjliMWirj 

HeaUhy root-tips were coHected fnm each of Ae 

three cultivars, and fixed for 20 min in ice-cold 4% 
formaldehyde in *Tris' buffer (10 mM Tris 
(hydroxymelhyl)-aminomethan, 10 mM disodiuro 
EDTA. 100 mM sodium chloride, pH=7.2) + 0.1% 
lVit(» X-100 (LeW et d. 1986). Tliey were rinsed 
thoroughly in the buffer without fixative, and then 
finely chopped in the buffer with razor blades to 
release the nuclei. The suspensions were liitcred 
through 64 \m and then a 16 nybn mesh filter. 
The midd were stained widi lOOtigofprapidnai 
iodide ((3,8-diamino-5-[diethyl-methylammonio] 
propyl)-6-phenylphenanthridinium diiodide, Scrva) 
per inl of sample. The samples were analysed using 
a Fhxxesceoce Activated Cell Socter (FACS) 440 
(Bectoo Diddnson, Saaiiyvafe» U^.A.) equ^ped 
with a Coherent Innova 90 argon ion las^. The 
collecUcxi photomulipUer was set to record emis- 
sions at a wavelength of 625 ± 17 J nm, the emission 
peak of propidium iodide. Data were collected on a 
Microvax II computer. Graphs of the data were 
plotted by the Microvax II and average peaks of the 
graphs were estimated and measured. 

RESULTS AND DISCUSSION 
C-bandfag 

The three cultivars had quite distinct banding patterns. 
'Red GarUc' had the fewest bands with those on the 
nucleolar organiser (NOR) chromosomes being the 
m os t promiiiCTit (Fig. la,2a). Very smafl bands were 
present on three of the other chromosomes. 
'California Late* (Fig. Ib3) showed more banded 
chromosomes than ' Red Garlic '. A sUght asymmetry 
in the large bands was seen in the NOR chromosomes 
and this is reflected in the different sized 
chromocentres in the interphase nuclens (Fig. lb). 
One pair of NOR containing chromosomes bore 
bands adjacent to the secondary constriction as well 
as other bands on the shoa arm. Of the remaining 
twelve chromosomes, only four appeared to have 
any bands and these were very smalLThebandsseea 
on 'California Early' (Fig. lc,2c) were numerous 
and easily discemable compared with the other two 
cultivars. Of die two pairs of NOR chromosomes, 
one exhilMted a very disiina asymmetry m band : 
size. These bands were located at or near the i 
secondary constriction and were the most distinctive 
feature of the karyotype. The other pair of NOR 
chromosomes also esdiibiied bonds near to the 
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Sukias & Miuiay — Cytological examination of garlic 1! 



Fig. 1 C-banded mitotic 
chromosomes and interphase nuclei 
(B and C only) of Allium sativum. 
A, 'Red Garlic'; B, 'California 
L^te': C, 'Califomia Early*. Scale 
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tecondaiy consthctioii, as well as uuerstitial band^ 
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Fig. 2 IdiogramsoftheC-banded mitotic chromosomes 
of Allium sativum. A, 'Red Gatlk:'; B, 'Califbcnu Late'; 
C, 'California Early*. 



The retnaining 12 
this complement exhibit terminal or near-t 
bands on one or both arms, although oo bands 
evident oo two of the dtromoaomes. The man 
■Henioi DHn ■ vSMDonift otiqr mbicdbcim 
in the large ntmiberof i l— i m iii i i loiipiBiBqi—p 
nuclei (Fig. Ic). 

Most published exaiiq>ies of C-banding in garlic 
do aot specify tte crilivv osed, nilBng oonqw^ 
BOOS difficult Roy (1976) noted ia pOfililMions of 
garlic from India, that the four chromosomes with 
secondary constrictions showed distinct bands, 
except in one pcq^ulatioo where only two of these 
fipigdwo w oKM n 6 t wi<iiBdtMid^Thci>ct> c c nif i & 
chromosomes Aowed tandi ii only one inst^ioe* 
£>istinct heterozygosity was seen in the banding 
pattern both within and between populations 
examined This suggested that the differences seen 



oitiiely cultivar-specific or that the cultivars are not 
tiuely clonal. In Spanish cultivars, Cortes et al. 
(1983) found bands in similar positions on the NOR 
chfoniosoines to those oteerved in this investigation, 
and in addition diey found lainiBid bnnds on the 
short arm of otic pair of metacentric chromosomes. 
An interesting feature noted by Cortes et al. (1983) 
and Cortes & Escalza (1986) is the presence of a 
secondary constnctknandasndaiedC-band on the 
long wm of die dKxiest pair of dvonoaoiBes. Wc 
have found no other rqx>rts of this additional pair of 
secondary constriction and have not observed them 
in New Zealand cultivars. Vosa (1977) rqxxied 
onqr two pans ot cnnMnoaiNBflt won sooontHny 
oonsiiiclionsas was aeca in dds iawtartgaiion, and 
this seems to be the most common arrangement ia 
garlic. The sub-terminal band seen on the long ana 
of one of the short sub-metacentrics in 'California 
Early' is, however, in t 



Table 1 2C nuclear DNA values of Att'utm cepa 'PidDeknlw Lcn^DDapar* aad 
three garlic cultivars measured by flow cytometiy. 





2C value per 


No. of cells 


Simple 


nucleus (pg DNA) 


mevursd 


A, cepa 'Pukekohe Longkeqier* 


3330 


10041 


A. sativum 'California Early' 


31.00 


10902 


A. sativum 'California Late' 


31.00 


S663 


A. sativum 'Red Garlic* 


33.00 


5601 
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in the Spanish examples, and may be related in stHne 
way to the sec<MMiaryconsiik;iions and associated C- 

Flow cytometry 

The results of nuclear DNA measmements by flow 
cylometr)' of the three garlic cullivars and an Allium 
cepa standard are given in TabJe 1. Our A, ccpa 
BiJidwd is Mt dK MJO BfUt A ll— iMd ClikifH (cv. 
Ailsa Craig is dK ■onial standard (Bennett etaL 
1 982)) as this was not available for study. However, 
we thought it of value to include another A. cepa 
cultivar, 'Pukekohe Longkeeper', in our 

standard DNA value of 33.5 pg/2C nucleus that is 
found in 'Ailsa Craig'. The values for 'California 
Early', 'Cabfomia Late', and 'Red Garlic' are all 
very snilK: H}riifinaE«ly' »il 'CtfiioniaLMe* 
wen iMitti ctMsnod to hvpc II pcdc between 30 flid 
3 1 pg DNA. whereas 'Red Garlic' peeked at a value 
between 32 and 33 pg DNA. This difference between 
cultivars is small, well within the range of machine 
eoor (± S%) «d consequently it appears lint dae 
cnkivars all have the same nuclear DNA smnnnH 
The published value for the 4C nuclear DNAamount 
of A. sativum is cited as 62.9 pg per ceil by Bennett 
et aL (1982). This gives a 2C value of 31.45 pg of 
CMA per cdl wliicfa cone^xMds doaely wilh die 
valoeB obtained here. 

In conclusion, distinct differences in banding 
patterns were seen between these three cultivars, 
especially in the position of the bands relative to the 
jo o o w dnn^ conn y icli on on the NOR difonioso Hi e s , 
ID for these daee cultivars this would be a further 
useful means of identification. Despite the fact that 
there are differences in beterochromatin (C-bands) 
between cddvaa we hswe fioaad iK> differed 
Bodenr roiA oontBOt between coilivBs. 
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Comparison of four early-maturing Satsuma mandarins 
with the standard industiy cultivar *Silverhiir 
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Abstract HieJapaneseSatsanianiandvinCCArHf 

unshiu Marc.) cultivars *Okitsu', 'Miyagawa*, 
' Miho' , and 'Matsuyama' werc compar-ed with the 
standard industry cultivar 'Silverhill', over a 7-year 
period, at the Te Ptike Reaeareli Orchaid in the Bay 
of PkaQr.New Zealand. Rruitoo all four Japanese 
cultivars reached commercial maturity 3-4 weeks 
before 'SilverhilP. Their earliness, rounder frjif 
shape, and smoother rind, offer major advantages 
for pmmtial export to Japan, fmt quality (soliibfe 
aolids (SS) content, SS:acid ratio (SS: A), juicinett) 
of 'Okitsu* was the highest of the J^>anese group, 
followed closely by 'Miyagawa* and then *Miho'. 
'Matsuyama' had the poorest fruitquality (early loss 
ofe3qxessil)fejuk:e,«Bly onset (^pufBiie88,bunq}y 
finntrind, and high variabilis). *0kit8u' fruit iMMla 
mean annual SS concentration range and SS: A range 
of 8.1-9.0% and 5.7:1-7.0:1 respectively, over the 
4-ycar period 1984-87. These fruit quality values. 
wciB lesitiiaB tfioae for *SilveriiiU* and may notbe 
high enough for the Japanese market, or as high as is 
desirable for the domestic market However, it should 
be possible lo improve fruit quality by cultural 
ledariqnea md/a by growing these cnltivan in 
districts with a wanner dimaie. 
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INTRODUCTION 

The New Zealand citrus industry is undergoing 
significant reorganisation including a shift in 
emphasis towaids export ( Anao. 1985a). One focus 
of interest is in luglKiuality, easy-peel mandarins 

for which niches in overseas markets have been 
ictentified e.g., export of Satsiuna mandarins (Citrus 
unshiu Marc.) to Japan in that country's off-season 
period. 

Japan pro&ices and consumes large quantities of 

Satsuma mandarins. In 1983, about 3 million t were 
produced whereas total citrus production amounted 
to 3.6 million t (Anon. 198Sb). Outdoor harvest of 
eariy Satsuma mandarin cultivan begins in Japan in 
Squeniber and the season continues until March. 
The season can be brought forward to June by 
selecting early-maturing cultivars and growing these 
in plastic greenhouses (Glucina 1985). In Japan, 
tine is a short gap between die end of the Satsuma 
season (March) and the beginning of the new season 
(June) , providing a possible niche for New Zealand- 
produced Satsuma mandarins. 

Satsuma mandarins are also popular on the New 
Zealand maricet because they are easy-peeling, 
seedless, and the first citrus of the season (Sale 
1983). Until recently, the American selection 
'Silvttliill' (Hodgson 1967) was the only Satsuma 
mandarin cultivar available in New Zealand. 
H()fwever,itslatematurity0.e.,M^y'Jidy),idafively 
low soluble solids (SS) content, and oblate fruit 
stu^, make it unsuitable for export to Japan. Interest 
has therefore focused on very early-maturing 
Japanesecu Mvaaw p rt edtPprodiioe higher-quality 
fruit than 'SttvetUtt*. 

Hiis paper reports on the performance and 
characteristics of early-maturing Satsimia mandarin 
cultivars in New Zealand by comparing four Japanese 
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•dectioaswidi *Sflverliill*.TIie8ecultivan,8elecied 
in Japan for their early frnhmatiffiQr, hanw a similar 

origin: 'Miyagawa* originated as a limb sport of the 
cultivar 'Zairai'; 'Matsuyama' is a limb sport of 
*Owari', and 'Okitsu' and *Miho' are nuceUar 
seedlings of 'Miyagawa*. 'SOvcffaOl* is a nicellar 
seedling of 'Owari*, selected in ilie United Stales 
(Hodgson 1967). 



MATERIALS AND METHODS 

The Satsuma mandarin cuUivars *Okitsu\ 
'Miyagawa*, 'Miho*, and 'Matsuyama' were 
introduced toNewZedandfiomtheOidtsa Branch, 

Horticultural Research Station, Ministry of 
Agriculture, Forestry and Fisheries, Shizuoka, Japan, 
by W. A. Hetcher in 1970. Plants released from 
quarantine were used as a source of material to bod 
seedlings of trifoiiata (Pondrus trtfoUata ^) Rat) 
rootstock. 'SilvertiiU' plants of comparable size and 
age on trifoiiata rootstock were obtained from a 
commercial ciuiis nursery. 

Eight trees of each cultivar were planted in 
August 1977 at the DSIR Research Orchard in Te 
Puke, Bay ofPlenty, New Zealand. The trial was laid 
out in two randomised blocks, each block consisting 
of five plots where each plot was a row of four trees, 
nants were grown in well-sheltered conditions on a 
Paengaroa/Te Puke sandy loam soil and managed 
accordinig to commercial practice. This included 
fruit-thinning (fruit to leaf ratio 1:25), adequate 
irrigation andnutrition, and disease and pest control 

Harvest period 

Fruit were oKnittxed each season firoro mid April to 
mid August but resabs are only preaenied for die 

pCTiod judged to represent commercial maturity. 
This was from the time of Hrst complete colouring of 
the rind UuoughtodiecHiset of pu£finess and dryness. 

before *Silverhill\ results obtained wiUi these 
cultivars are presented from 4 May to 10 July (six 
harvests in years 1984, 1986, and 1987; and five 
harvests in 1985), whereas 'Silverhill's' season was 
taken to be from 5 June to 25 July (five harvests in 
years 1984, 1986, and 1987; and four harvestt in 
1985). 

Measurements 

Fruit development was monitcved from mid ^ril to 
mid August over the 7 years, 1981-^ faichisive; 
Bruit SS vahies were determined with a hand-held 



Atago refractomeier and measarements woe 
corrected for acidity wfaKh was deteraiiiied by 

titration with 0. IN sodium hydroxide (Dawes 1969;. 
These measurements were taken on juice expressed 
£rom a 1-kg composite subsampk of fruit, raodooiljr 
selected finm aS-kg fiutsampleharveateil finoma 
aunimnm of four trees of each cultiw on each 
harvest date. The SS:A ratio was calculated finQai| 
these results. Expressible juice represented the 
volume of juice obtained by reaming 1 kg of halved 
firuit on a Sunbeam fruit juicer. Olber final! 
duffactmstics (shape, rmd colour mid ■hStImpi^ 
pcelabUity, and flavour) were recorded on similar ^ 
representative samples, each season, by at least five 
people on each harvest date. 

I 

I 

RESULTS I 

Only a smdl iinsality of fr«t was atvaiialilB : 

the initial trial period (1981-83 inclusive), and few 
significant differences occurred in these early years 
(data not shown). Tables 1-4 present mean aimual 
data on SS, acidity , SS: A ratk), and expressible>iice 
fortheyeaa 1984~g7hiclnsive.Typicai onnM i i— 
of these {Hoperties fcH- 1985, with values for each 
harvest date, aie illustrated in Figs 1-4. 

SoinblesoHds 

The firuit SS content of the four Japanese cukivars 
had afanost reached a maximum level at die end ef 

June (Fig. 1) and increased only very slightly aflK" 
this date. Although 'Silverhill' fruit coloured later(5 
June) than the four Japanese cultivars, its SS conteni 
was similar to those of the four Japanese culu vars at 
dlis dale. However, die SS oontentof *Sitvc(idD* dU 
not reach a maximum level until late July. AUhoa^ 
no significant differences in SS content of fniit were 
found among cultivars in 1984 and 1985 (Table 1), 
'Silverhill* firuit tended to have die highest SS. In 
1986 and 1967, significandy (F<a001) Uglier SS 
were found in 'Silverhill* than in the oiher foiff 
cultivars. 'Miho' had the lowest SS in 1986 and 1987 
and the values for the other cultivars were 
intermediate between 'Miho' and 'SilveiiuU'. 

Acidity 

Generally, fruit acidity levels (Fig. 2) decreased 
steadily over the harvest period. Except for 1987. 
there were significant differences in levels of acidity 
(Table 2) auKHig cultivars. 'Silverhill' tended lo 
have die kiwest acidity level. Dififoreaoeabetweea 
'Silverhill* and die odwr four cidtiws vraa 
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corrected for acidity) in fruit of five I 
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Fig. 3 Comparison of mean soluble solids/acid ratios in 
fruit of five SatsumamandarincuUivan for 1985. (LSD » 
1.14.) 



Fig. 4 Comparison of mean expressible juice values in 
fruit of five Satsuma mandarin ciUtivars for 198S. (LSD s 
29.8.) 



significam (1984: /><0.05; 1985: i'<0.001; 1986: 
SS:A ratio 

SS : A ratios in fruit (Fig. 3) reached a maximum in all 
four Japanese cuUivars by late June or early July. 
This dale coripgpoiKiedwftfa the end of their harvMt 
aeasoo. By contrast, 'SUveridU* fruit continued to 
show an increase in SS:A ratios until late July. 

There were no significant differences in SS:A 
ratios of fruit (Table 3) among cultivars in 1986 and 
1987«allhoagh *SihreihiU* tendedtohaveihehighest 
values. In 1984 and 1985, 'SUverhill' had a 
significantly (P<0.05) higher SS:A ratio than the 
other four oiltivars tested, except *Miho' in 1985. 



Expressible juice 

Juiciness in the fruit of four Japanese cultivars (Fig. 
4) reached a peak as fruit began to colour in early 
May. This maxiiniiin was manitained during May 
and eufy Jine, hut juiciiiess docicBsed dwreafter. 
*Sih«ihi]l* iMched maximum juidness hi eariy 
Jane and decreased thereafter. 

*Okitsu' had the most and 'Silverhill' the least 
(1984. /»<0.05; 1985. P<0.001; 1986. P-cO.Ol; 
1987, P<0,05) expressible juice hi all 4 yean 
(Table 4). The other cultivais were huennedhtte 
between these twoextremes. 'Matsuyama' tendedto 
have the lowest juice content of the four Japanese 
satstimas. 
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Tabkl Men ■mid tohiUe solids («) 

(oonected for acidity) in fruit of five Satsunia 
ddtivars over the 4-year period 1984-87. 




■I fail 



Year 





1984 


1985 


1986 


1987 




1964 




1986 




Cahivv 


%ss 


«SS 


%SS 


«SS 


Odtfvar 


Aciil% 




AbU« 




Okimi 


9.0 a 


8.9 a 


8.1 be 


8.8 b 


Okitm 


1.6 a 


13 a 


13id> 


lAt 


Miyagawa 


9.1 a 


8.6 a 


8.7 b 


8.7 b 


Miyagawa 


1.7 a 


13 a 


1.4 a 


Ui 


Miho 


8.9 a 


83 a 


7.6 c 


83 b 


Miho 


1.6 a 


1.2 be 


1.2 b 


13 1 


Matsuyama 


8.6 a 


8.2 a 


7j9be 


8.8 b 


Matsuyama 


1.6 a 


1.2 di 


1.2 b 


Ui 


SiWcrian 


9^ a 


93 a 


9.8a 


9.7 a 




IX b* 


1.1 


13ab» 


13 1 



Significance tests were based on separate SEDs calculated 
for eadi pair of means within a given year. This was 
necenaqr beeanse of die unequal rapUndon (timet of 
tWtiltt)L Values down a column with 
tignificanrty CP<0.001) differem. 



Table 3 Mean annual soluble solids:acid ratio in fruitof 
five Satsuma mandarin cultivan over the 4-year period 
1984-87. 

Year 



1 



Significant tests were based on sepantaSEDs calculaudjl 
for each pair of means wittan a ghroi jfaar. This mt 
aaoeasaiy beeanse of Ae maqpnl l ep li c a l i op (tees of 
lestii^ Values down a column with different leoen i 
ajgwificantly (* - i><0X)5; « /><Oj001) difEereoL 



Table 4 Mean aimual eicpressible juice value (ml/kg) 'm 
fruit of five Satsonu nundarin cultivaBS owe 
period 1984-87. 

Year 





1984 


1985 


1986 


1987 




1984 


1985 


1986 


WW 


CuUhrar 


SS'Jl 


SS:A 


SS:A 


SS:A 


Cultivar 




ndAcg 


fldAg 




Okitsu 


5.7:1 b 


7.0:1 b 


6.4:1 a 


6.4:1 a 


Okitsu 


371 a 


362 a 


382 a 


342 a 


Miyagawa 


5.5:1 b 


6.7:1 b 


6.2:1a 


6.7:1a 


Miyagawa 


342 ab 


346a 


343 b 


313 ab 


Kfiho 


5.6:1b 


73:1 ab 


63:1a 


7.0:1a 


Miho 


368 a 


354 a 


355 ab 


330a 


Matrayama 


5.9:1 b 


6.7:1 b 


6.7:1 a 


6.8:1 a 


Matsuyama 


343 ab 


348 a 


332 be 


296 b 


Silverhin 


7.2:1a 


8.4:1a 


74:1a 


7.6:1 a 


SUverhiU 


317 b» 


227 b*** 


308 c** 


295 b* 



Significance tests were based on separate SEDs calculated 
for each pair of means within a given year. This was 
neoessaiy beeanse of die unflqud wflkatiott (times of 
testing). Values down a column wifli diffagent totttai are 
significantly (P<0.05) different. 



Significance tests were based on separate SEE)s calculated 
Cor each pair of means within a given year. This was 
neccieaiy because of die lawmual leplicalion (tioHi ef 

testing). Values down a column with different letters are 
significandy (♦ » P<0.05; = P<0.01; = P<0jQ01) 
diffisrant. 



Tabk 5 Mean annual friat wd^t (g) of fiuit of five 
Satsuma mandarin cultivars over the 4-year period 
1984-87. There were five replicates (limes of testing) of 
eadi culdvar each year. 



Cultivar 



Year 

1984 1985 
wt/fruil (g) wt/fruii (g) 



1986 1987 
wt/fniil (g) wt/fniit (g) 



Okitsu 79.3 a** 

Miyagawa 80.7 a 

Miho 66.9 c 

Matsuyama 76.6 ab 

SilvcrhiU 70.1 be 



88.6 be 
94.6 ab 

83.3 c 
101 8 a*** 

85.1 c 



107.4 «♦*♦ 
95.2 b 

91.6b 

SS.Obc 
80.5 c 



75.3 
77.9 a 

68.8 b 
81.0 a 
66.2 b 



Values down acolunin Willi dil Icrcnl letters arc significantly 
(♦♦ = P<0.01; *♦♦ = P<0.001) diffcrenL 



Other properties 

Table 6 summarises additional observations made 
on impoftantMmdfirokclianciefisticso^ 
yean, 1961--87. 

Tree characteristics 

All cultivars produced commercial crops. 'Okitsu" 
was the most vigorous of the Japanese cultivais 
tested (Table 6), but overall the four Japanese 
cultivars were much slower-growing than 
'Silvcrhiir.Signincanl(1984,/'<0.01; 1985, 1986 
and 1987, P<0.00\) differences occurred betweer. 
culiivars in fruit weight (Table 5), in all yean> 
1984-87. However, thediffeieooesbetween ihefive 
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Okitsu 



Silverhill 



Matsuyama 






Fig. 5 Typical fruit of 'Okitsu', 'Silverhill', and 'Matsuyama'. harvested at Te Puke in late May, indicating relative 
size, shape, and rind maturity differences. 



cultivars were not consistent from year-to-year, 
except that 'Silverhill' tended to have a relatively 
low mean fruit weight 

Fruit appearance 

Fruit of the Japanese Satsuma mandarins were 
rounder than 'Silverhill' and also had smoother 
rinds. 'Matsuyama' sometimes had a bumpy surface 
(Fig. 5). All cultivars had the same rind colour. 

Peeling and pulp characteristics 

Fruit of all five Satsuma mandarins were easy-peel 
types. Similarly, little difference in the adherence of 
albedo fragments to the surface of peeled fruit was 
noted. 'Silverhill' had an apiH^iably thicker rind 
than the four Japanese Satsumas (Table 6); therefore, 
fruit of the latter cultivars were observed to be mwe 
susceptible to withering than 'Silverhill'. 

Fruit of all cultivars segmented well. 'Okitsu* 
had larger-sized segments whereas 'Silverhill* tended 
to have a larger number of smaller segments. Pulp 
colour and juiciness were similar with the exception 



that 'Matsuyama' appeared to lose juiciness earlier 
than the other cultivars. Fruit from the four J^anese 
Satsumas studied were informally judged to have 
low flavour, but 'Okitsu* was consistently preferred 
by tasters (Table 6). 'Silverhill' was judged to have 
the best flavour, and this observation was supported 
by data on SS:A ratios (Fig. 3). No differences in 
flesh texture were observed. Only an occasional 
seed occurred in fruit over the trial period. 



DISCUSSION 

Fruit of 'Okitsu*, 'Miyagawa', 'Miho*, and 
' Matsuyama' reached full colour c. 3-4 weeks before 
'Silverhill'. These dates at Te Puke were late 
April-early May for 'Okitsu* and 'Miho', early May 
for 'Miyagawa* and 'Matsuyama*, and early June 
for 'Silverhill*. The four Japanese cultivars attained 
maximum fruit quality (SS, SS: A, juiciness) in mid 
June. However, fruit quality had deteriorated 
markedly by mid July when acidity and juiciness 
decreased and the rind became puffy. 'Silverhill*, 
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maintained good fruit quality up to the third week of 
July by attaining a high SS content and maintaining 
a Idgh SS:A mio. Tbt Japanese coltivara tested, 
however, have snbstantial advantages over 

'Silverhill' forpotential export to Japan; they mature 
earlier, have a rounder shape, and have a smoother 
rind. These qualities are also proving to be desirable, 
for die beginning of the citms season, on the 
domestic market 

Although overall fruit quality was not markedly 
diffcrcnibetween 'Okitsu', 'Miyagawa'.and'Miho*. 
'Okitsu ' fruit were slightly superior — they had more 
expiessible joioe, the best flavour, low segment 



number, the most vigorous tree habits and were \ 
earliest of the five Satsumas studied. 'Miho' n 
considered mferior id "OkitSD* and 
because of lower SS. 'Matsuyama* hnd Ihspoacd 

fruit quality of the four Japanese cultivars studll 
because of early loss of expressible juice and omd 
of pufflness, bumpy fruit rind, and variable fni 
qudity. 

The flavour of mandadnsandoranges is indicad 
by the level of sweetness measured as SS and fee 
SS:A ratio (Sinclair 1961). Maturity studies both ii 
New Zealand and overseas indicate that when ik 
SS:A niio exceeds 73:1, ftnit are ncceptabfel 



Table 6 Summary of the main characteristics of five Satsuma mandarin cultivars over the 7-year period I ! 





\JKUmU 




Cultivan 

Mihn 

xninu 


AUIMIJrHII* 




Yieia* 


9 


A 

y 


9 


A 


9 


Traevigooi* 


6 


4 


5 


3 


10 


Commercial 
harvest 


lale Apr 

-early May 


eapityMiy 


late April 
-early May 






Fiuitsize 


medium 
(dOXSOmm) 


small to 
(30 X45 mm) 


medium to 
large 

(65XSSmm) 


medium to 
large 

(fiSXSSnm) 


mfidhim 
(60X45) 


Fruit shifw 


netrtJoboie 


near globoae 


neargloboBe 


nearsbboae 




Rmd 


mioodi 


smoolli 


amoodi 


sometimes 
bumpy 


pitted 


Rind colour^ 


orange (8-9) 


mange (8-9) 


orange (8-9) 


orange (8-9) 


orange (8) 


Rind 
thidoMM 


3-4 nun 


3-4 mm 


3— 3.S mm 


3-4 mm 


4-43 on 


Peeling 
character- 
istic* 


qiuilBeaqr; 
albedo 
dmedt 
retained 


some albedo 
retained 


nomially 
easy; albedo 
threads 
retidaed 


easy; 

some albedo 
retained 


some albeo 
rrtained 


Scctioniiig 


dirly easy 


eaqr 


eai^ 


fairly easy 


eeqr 


Segment no. 


8-10 


9-11 


9-10 


9-11 






orange (9) 


onn0B(9) 


omge^) 


otmgt(j6-9) 


onmgB(9) 


JvadoBU 


moderate 


sHghdylow. 

but satis— 
factory 


modente 


moderate 

initially, but 
dries quickly 




Flavour 


slightly tart, 

bestJ^Nneae 

cttltivar 


tart 

initial^, 
low flavour 


tart 

initial^, 
low flavour 


low flavour, 
yariable. 

dries early 
in season 


tart 

initieqy, 

reasonably 
good,bestolS 


Pulp texture 


chewy 


chewy 


diewy 


chewy 


ciiewy 


Seed no. 


nfl 


nil 


ml 


ml 


na 1 



' Scale of yield, 1-10: 1 = very low; 5 = moderate; 10 = high. 

' Scale of tree vigour, 1-10: 1 = very low vigour; S = low vigour; 10 = moderate vigour. 
' According to stindadlqNBiese colour diaits (Yamaiald ft Suznld 1900). 
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consmnen, but preferred flavours (described as 

"pleasanO arc reccH-ded wbm SS:A ratios range 
from 9:1 to 12:1. Similarly, oranges attain their best 
flavour in New Zealand when SS levels exceed 11%, 
butfruitareconsidered to be insipid below 9.0-9.5% 
SS (Fletcher ft Hollies 1965). 

In Japan, dessert citrus with SSlA ratios in the 
range 8:1-12:1 and SS >12%, are considered to be 
pleasant (Anon. 1985b). Such values are apparently 
achieved in Japan with late-maturing Satsuma 
mandarias, bat early-matnring Sattmaas on die 
Japanese mailcetoften reach (mly9-10%SS (Glucina 
1985). The fruit quality achieved with Satsuma 
mandarins in this study (i.e.,meanannualSS:Aratio 
range of 7.2:1-8.4:1 and SS lange of 93-9.8% for 
•Silveihill'; 5.7:1-7.0:1 and 8.1-9.0% respectively 
for *Okitsu', over the 4-year period 1984-87) is 
probably insufficient for the Japanese market and 
lower than desirable for the domestic martlet This 
coodoskm is confirmed by the low flavour latiog of 
fruit ni all cultivars tested. Only a relatively smaO 
increase in SS and SS:A values £^pears to be 
necessary, however, to match the quality of very 
early Satsuma mandarins currently available to 
Japanese consiunerg. 

Mandarin quality, under New Zealand condi- 
tions, is greatly affected by total heat units available 
duhngthegrowingseason(Sale 1988).Inthisrespect, 
inaiMkirins are very similar to oranges which have 
also been shown to improve in quality with an 
increase in heat units in New Zealand citrus districts. 
The heal indices available in northern New Zealand 
citrus-growing districts like Kerikeri (1795-2107) 
are much greater than at Tt Pttke (1347-1696) 
(Fletcher ft Hollies 1%5). Thus, a ooosiderable 
improvement in the quality of Satsuma mandarins 
may be obtained in northern areas. Another option 
for improving fruit quahty is to cover trees with 
plastic film. This coltural technique has produced 
^mmiising results in preliminary studies at Te Puke 
(Martin 1989). Additional beneficial effects of the 
use of plastic covers appear to be earlier fruit matur- 
ity, increased tree vigour, and fruit size. 
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Abstract The effects of two organic (blood and 
bone, comjxjst) and two inorganic (potassium nitrate, 
KNO3; ammonium sulphate, (NH^j^O^ forms of 
iitrt>gen (N) feftilisefsoollie^eldandsoinequality 
indices of tomatoes were studied in a pot experiment 
using Waimairi peaty loam soil obtained from an 
area currently used for vegetable production. Four 
rates (0, 150, 3(X), 600 kg N/ha, based on soU bulk 
densiQr) of each fiertiliaer fonn weie used. Ruit 
jkUd was significaotly correlated Ibliage N 
concentration, but not with fruit N concentration. 
Increasing rales of all N fertilisers, except compost, 
produced significant increases in fruit yield. 
Compared with the control, at 600 kg N/ha applied, 
compost increased fruit yield by 40% only whereas 
the other N fertilisers studied increased fruit yield 
by 120%. Fruit quality indices measured showed 
variable response to treatments. Fruit colour 
mocaaed significantly on applicatioo of Mood and 
bone, (NH4)2S04. and KNO,, wheieas compost 
showed no effect Fruit vitamin C concentrations 
decreased when all N fertilisers were applied. 
Increasing N rate produced significant negative 
linear trends with vitamin C concentration 
decreasing by 18~2S% d^nding on the fonn 
applied. Fruit size was unaffected by treatments 
but visual quality of fruit decreased when N in any 
form was ^li€4. 
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INTRODUCTION 

Organic systems of producing vegetables and food 
have recently been attracting a great deal of interest 
from both the general public andpotential producers. 
Many claims have been pot forwaid as to the 
beneficial eCfectsofoganicnitiogenCN) fertilisers 
used in organic systems on crop quality (e.g., 
Vogtmann 1981). However, validations of these 
claims are based largely on theoretical extrapolation 
rather than scientific measurements. 

Tomato yields have increased conaldenbly in 
recent years (Hobson 1988). These increases may 
be attributed to genetic improvements and advances 
in cultural practices such as the use of N fertilisers 
(Adams 1986). Moderate applicatkmsofNfeftilisers 
increase tomato yields (Adams et al. 1978) with 
optimum field rates usually between 75 and 100 kg 
N/ha. Few reports are available on the comparative 
yield responses of tomatoes to inorganic or organic 
N feriilisefs, altfioagh Svec et aL (1976) observed 
no difference in tomato yidds when plants were 
sq^lied with inorganic or organic N fertilisers. 

While tomato yields have risen, emphasis on 
high productivity and uniformity seems to have 
been at die expense of many consumer quality 
attributes. A United States Department of 
Agriculture survey of consumer satisfaction reported 
tomatoes to have one of the highest dissatisfacticm 
ratings (Stevens 1985). With respect to N fertiliser 
applications, many qnaiily indices show no clear 
relati(Miships. Variable effects have been reported 
forfruitsize(Adamsetal. 1976). Increasing rates of 
N fertiliser application have, however, been iqjxvted 
to decrease fmit vitamin C concentration 
(Penningsfield & Kurzmann 1961; Mei^ 1979). 
Although (H-ganic N fertilises areclaimed to produce 
higher nutritional quality produce (Vogtmann 1981), 
other worlcers (Svec et aL 1976; Yoshida et al. 
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1984) have reported no significant effects of N 
lertiiiaer tonn oa inui vnanun c concentimioa. 

llieaim of the pfesent study was to examine the 
effects of increasing rates of application of organic 
and inorganic N fertilisers on ihc fruit yield and 
some quality componenis of lomaioes. 

MATERIALS AND METHODS 
Pot trial 

A 4 X 4 factorial design with four replicates, 
arranged in a completely randomised block was 
used. Pots were arranged in a glasshouse 
thermostatically controlled with a fan vent 
temperature of 25*0 and a heal temperature of 
15°C. Topsoil (0-150 mm) from a Waimairi peat 
loam (a Typic Medifibrists) was (Stained frain a 
commenciid maitet garden. Some chemical 
properties of die soil and feitiliseR used aie siiown 
in Table 1 . These indicate an extremely high nutrient 
content in the soil (Bradenburg 1980), The soil was 
air-dried and sieved (<6 mm) before potting. Pots 
(200 mm deep x 190 mm diam., AS litre capacity) 
were each filled widi 4 kg of the soil and watered to 
a moistiue content equivalent to 75% soil water- 
holding capacity (based on weight) with deionised 
water. After this, watering occurred when the soil 
moisture content declined to the equivalent of 60% 
water-holding capacity. An indeterminate tomato 
seedling (Lycopersicon esculentum Miller, cullivar 
'Potentate') was transplanted into each pot before 
treatments were applied. Treatments used were 
four nttes of N (0, 037, 0.7S, and 1.SS 
equivalent to 0, 150, 300. and 600 kg N/ha calcu- 
lated on a bulk density basis for each of the two 
forms of inorganic-N fertilisers (potassium nitrate, 
KNO,; ammonium sulphate, (NH^j^OJ and two 
fonns of oiganic-N fotilisen (commercial blood 
andboneandacompost). All foms wereapplied to 



the surface of the soil The con4)ost consisu^ 
primarily of aoftwood sawdust mned with ddcka 
mannre and other assorted organic niatter. Tlx 
material was left for 12-24 months beinj 
mechanically turned 2-3 times during this period 
This method was used to produce c. 2(X) t of compos 
(wet weight) annnally for use on an ioaensiw 
vegetaUeprapeity. 

Harvesting, sampling, and analysis 

Fruit was harvested as it ripened based on th< 
disappearance of green (chlorophyll) pigmea 
(Griers(»&Kaderl986).FirstharvestwasolNaiBe^ 
68 days aAer tnnsplantmg widi die laat harves 

occurring 13 days \aiex. At harvest, individual firoi 
were visually assessed (Table 2) and weighed, and 
fruit vitamin C c(Hicentrations were deiennineii 
nring the AMvomoiQOchiimide medtod (Bankatei 
aL 1955). 

Fruit colour (lyc(H)ene concentration in ppm) 
was determined by blending c. 5 g of fresh fruit far 
1 min in 20 ml acetone and 400 ml light petrokura 
and fikering duough a small Bflcfaner fimnoL Ihe 
extract was evaporated down and re-extmded with 
petroleum ether. Water present was removed using 
a separating funnel followed by the addition 
MgSO. crystals. The remaining solution was made 
upto2S ml and absorption deiennfaiedtt47Dnm OB 
a Shimadzo spectrophotometer. Lycopene 
concentration was then calculated on the basis d 
the coefficient of extinction value (Barnes pers. 
comm.). Fruit N conccniraticMi was determined oo 
a 0.2S g sample (tf freese^hied and ground fiuii 
using die modified Kjeldhal method (Breraaer 
1 965). The same method was also used to determine 
foliage N concentration. Foliage was sampled 
opposite the first fruit truss, dried at 65''C, and 
ground to pass duougjh a 1 nmi sieve befiort N 
dttcpfliffatWHii 



Table 1 Some properties of the soil and fertilisen used. 





C 


N 


OH 


P 


K 


ca 


Mr 


S 




(%) 


(%) 






(g/lOOgdrywt) 




Blood and bone 


33 


6.1 


5:1 


7.1 


0.1 


14.8 


032 


NA 


Compost 


37 


2.0 


19:1 


2.7 


1.6 


7.6 


0.51 


NA 


KNO, 
(NHjjSO, 


0 


13.8 


0.0 


0.0 


38.7 


0.0 


0.0 


0.0 


0 


21.2 


0.0 


0.0 


0.0 


0.0 


0.0 


24.3 


Sou 


13 


0.9 


15:1 


270* 


IS* 


27* 


5? 


35' 



NA = Not available. 

• = MAF Quick Test values. 
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statistical analysis 

\ Censtat analysis of variance (ANOV A) program 
iminedtodeteniiine the significance of treatme^ 
Ofofm and rate) and their interactions. A Mini-tab 

package (Version 5.1) was used for detecting 
polynomial (linear and quadratic) trends. Standard 
snx»rs of the means obtained were used to calculate 
protected Least Significant Differences (LSD) for 
forms at each rate applied. LSDs calculated from 
M ini-tab standard errors wereadjusted for significant 
blocking effects as indicated by Genstat ANOV As. 
Correction factors used were based on the equation 
bekm (Dyson pets. comm. 1988): 

Correction factor = 



^ Residual SS 

L Residual SS-(-(BlockSS -Residual MS X a) 




RESULTS 

Fruit yield (dry matter) 

There was a signiAcant (f ^ 0.02) interaction 
between fbimandraieofNfeitiliserapplied on fruit 
yield. Application of N as KNO,. Q^^\SO^, or 
blood and bone resulted in the same positive linear 
increase in fruit yield, with maximum yields of c. 32 
g^t for all three forms when 600 kg N/ha was 
an)lied (Pig. 1). However, fruit yields obtained 
from compost were lower than diose of all other 



fertiliser forms at the three rates of N appUed, with 
compost application increasing yield significantly 
only at the highest N rate (600 Iqs N/ha.). 

Mean fresh fruit weight 

The form of N fertiliser or the rate at which it was 
applied showed no significant effect on the mean 
fresh fruit weight produced by each idant Mean 
fruit w^ght ranged from 42 to S3 g per ptant 

Visual fruit quality 

The addition of N feitiUser decreased the visual 
quality of fruit significantly (P ^.004) (Table 3). 
Ihis dffect was independent of ftxm. 

Vitamin C concentration 

The rate of N fertiliser significantiy affected (P ^ 
0.001) the vitamin C concentration of fruit. The 
vitaminCconcentrationdBCwa s Bdlinearly as appli- 
Cttknraies for all fertilisers increased (Fig. 2). The 
decrease was least when N was qjplied as KNO, or 
compost (18 and 19% reduction respectively) with 
bkx)d and bone and (NH^^O^ applications r&nilting 
in greater declines of 28 and 25% respectively. 

Fruit N concentration 

Fruit N concentration was significantly affected by 
form (P < 0.001) and rate (P ^ 0.001) of N fertiliser 
applied (Fig. 3). Whereas compost piodDoed a 
small and variable effect on fruit N concentration. 



Table2 Ratii^ ■cateuied for ■■wring lomito fruit viiudqniliQr (Qrianon 

9 Excellent, essentially no symptoms of deterioration 

7 Good, minor symptoms of deterioration, not otgectkMuUe 

S Fair, deterioration evident, but not serious 

3 Pbor, Mriout deterioration, limit of safeabOity 

1 Extwme^y poor, not UMbte 



Table 3 Mean effects of rates and forms of N fertilisers on the visual quality 
of MMlo fruit. 

Raie(kgN/ha) 0 ISO 300 600 ♦* 

Vkndqnaiity 83 7.8 7.2 LSD^-0.9 

Form applied KNO, (NH.).SO. Compott Blood and booB NS 
VinialqualiQr 7.1 75 7.8 7.8 



Rate X form = NS. 
♦♦-/»< 0.01. 
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Fig. 1 Effects of rates and forms of two organic (blood 
andbone, compost) 0klt«rainof||^Dyc(polaniu^ 

ammonium sulphate abbreviated as nitrate and 
ammonium, respectively) N fertilisers on total tomato 
Cndtyiddt (diy mtttn). 



Fig. 2 Effects of rates and f onns of two organic (bloai 
and booe, conqpott) aod two inocganic (pocnrinBudnilik 

ammonium sulphate) N fertilisers on vitaaiiB C 
concentration of ripe tomato £ruiL 



both KNO, and blood and bone applications 
increased fruit N concentrations dramatically at 
ISO kg N/ha with smaller additional increases 
occurring at 300 and 600 kg N/ha. Fruit N 
conceotiaiioii was also increased by (JSHXSO^ 
application but not to the same d^iee as KNO, and 
blood and bone. 

Fruit colour (lycopene concentration) 

The lycopene concentration of the fruit was 
significantly afifecied by fonn ^ 0.035) and laie 
(P ^ 0.031) of N fertiliser applied Althoogh com- 
post application at any rale did not increase firuit 
colour, increasing rates of KNO3, (NH^^SO^, or 
blood and bone resulted in significantly higher 
lycopene concentrations CTable 4). 

Foliage N eoncentration 

There was a significant (P < 0.(X)1) interaction 
between form and rate of N fertiliser applied on 
foliage N concenu-aUon. Foliage N concentration 
was not affected by compost apidicaiion. When N 
was applied as KNO,, (NH^,SO^, or blood and 



bone, foliage N concentration increased lineariy 
with increasing rates of fertiliser appUed (Table Sj. 

DISCUSSION 

The application of one organic (blood and bone) N 
fertiliser produced the same positive yield response 
from tCHnatoesas those produced by applicatioosof 
both inoiganic (KNO, and (NH^I^SO J N fiBrtiiins 
(Hg. 1). This is related to the availability ofNindtt 
fertilisers applied (Goh & Vityakon 1 983) . Thet*0 
inorganic N fertilisers studied released their N 
almost instantaneously on addition 10 the soiL The 
bioodandboneappearediobdi8vesiflBilBify.Se*cnl 
workers (e.g.. Haworth 1961; Svec et id. 19X( 
Nilsson 1979) have rqx)rted, for a range of vcg^ 
table crops, that organic N fertilisers produced 
yields similar to those produced by incMganic N 
fertilisers. However.Nappliedatanineaasooaiviat 
produced yields significantly lower than those of 
other N fertilisers (Fig. 1 ). This poor yield respond 
from compost ai^lication suggests UiatN in ocxapoA 
was not leadfly available 10 *e plani (Goh k 
Vityakool983). 
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PIB.3 Bffisdt of met rndfonns of two organic (blood 

md bone, compost) and two inorganic (potassium nitrate, 
unmomum sulphate) fertilisers on N concentration of 
tomato firniL 



The difference between N supplied in compost 
and the other N fenilisers is also reflected in the 
lower foliage and firuii N oonoennation of plants 
fertilised with compostoompued to those fertilised 
with the other N fertilisers (Table 5 and Fig. 3 
respectively). Comparing the two organic N 
fenilisers, the significantly lower fruityield obtained 
won coByoei as conmareo wm Mooa ana Done 



(Fig. 1), may be attributed to the lower N 
oonoeaHiiion a w f hfi^her CiN laiio of po mp oirt 
(Table 1). Organic fertilisers with similar 
composition to the compost studied have been 
rqx)rted to show low and sometimes negative N 
availability over a 40-day period (Rubms A Bear 
■ 1943). These worioeis alao lepoiied that ofganic 
compounds with similar N concentration and C:N 
ratio to that of the blood and bone used in the present 
study, showed 50-60% of the organic N to be 
minenlised after 40 days. Afthoogh the preaent 
Slo^ was not conducted under the same conditions 
as those of Rubins & Bear (1943), it is likely that an 
even greater percentage of blood and bone N may 
have been mineralised in the present ^udy because 
of the longer period (70^ days) and finvomMe 
environmental concHlionscadstingin the glasshouse 
trial. TTiis may have resulted in more N from blood 
and bone being available to the plant and hence the 
observed hij^er yields fam Uood and bone 
coHnpareo ■> cowposi at ecpitvaicni w aiipncaiion 
fates. 

The physical state of the two organic N fertiUsers 
studied may also be a contributing factor to the 
differing yield responses. Blood and bone was 
finely ground whereas the compost contained 
predominantly coarse materials. Thus, blood and 
bone with a higher surface area would be expected 
to be more readily attacked by soil micro-organisms 
leadiiig to lapid mineralisation of oiymlcW. 

The significant positive linear relationships 
obtained between yield and rate of N fertilisers 
ai^lied other than compost suggest that a maxi- 
mum yield had not been reached under glasshouse 
conditions even thongji a field equivaient nae of 



Tabk 4 Effects of rates and forms of N fertilisers on 
tomato fruit colour (g lycopene/g fresh wt). 

Mean of 

Rate (kgN/ha) 0 150 300 600 forms 



KNO, 
(NHj^O, 



16.8 
16.8 
16.8 
16.8 



25.7 
19.5 
17J 

lis 



20.9 
223 
1S.1 
2S.1 



liHBofiMM 16J 20.1 209 



Rate 
Form 

Rile X form 



26.6 
193 
19.7 
223 

22j0 

= 3.5 



NS 



LSD.^=3.5 



♦•=/'< 0.01; NS = not significanL 



225 
195 
173 
20.9 



Tabk 5 Meets of rOMud forms of Nfertilisen on N 
oonoflntntfan (%) trfkmuto foliifo; 

Mean of 

Rate (kgN/ha) 0 150 300 600 forms 



appltod 

KNO, 

(NHj^O, 

Coiqpost 



1.2 
1.2 
12 
12 



13 
13 
1.2 
13 



1.6 
13 
1.2 
14 



Rate 
Fonn 

RatoXfenn 



12 13 lA 



LSD, 



Lsa 



aoi 



2.1 
2.0 
13 
2.1 

1.9 

= 0.2 
-0.2 



•p<o.m. 



15 
15 
12 
13 
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600 kg N/ha was applied. This highlights the 
difference between the pieseal pot trial and field 
COTditions, where optimum rates of 75-100 kg 
N/ha have been reported for tomatoes (Adams et al. 

1978) . These differences may result from the 
ftvoufld^lc j^asfllioiisB ^^nniyi pfim ^fnal ffWKlitioBs 
and die difficulty of cateulating field equivaleiit 
rates when applied to pot conditions. In any event, 
pot trial results should not be directly transferred to 
the field. 

The form of N fertiliser applied did not afifect 
measured quality indices otfier dum finitt quality. 

Fruit colour (lycopene concentration) appeared to 
be directly influenced by N fertilisers. Whereas 
compost application did not affect fruit colour, 
appttMtioa of odier N fertilisen fesidied in an 
incnase in tjfoopene ooooentration (Table 4). This 
disagrees with results reported by Ellis & Hamner 
(1943) who found lycopene concentrations were 
unaffected by fertiliser applications. Theapplication 
of N fcftilisefs has, hoivever, been leportcd to 
increase die concentration of chIorq)lasts, the sites 
of lycopene synthesis during fruit ripening (Mengel 

1979) . Although chloroplast concentrations were 
not directly measured, fruit N concentration (an 
indicalorof chkxoplasts) showedasimilarreflpoase 
to N fNtiliser applications as did lyciqmie 
concentrations in fruit (Fig. 3). This may account 
for the observed increase in lycopene concentration 
in response to N fertiliser additions. 

Iht rate of N fertiliser applied significantly 
decreased vitamin C concentration (Fig. 2) and fruit 
visual quality (Table 3). The lack of any difference 
between the form of N fertiliser applied suggests 
these indices are not directly related to N. Compost 
widi its apparentkywer N atvailidnlity produced die 
same decrease in measured fruit quality indices as 
blood and bone and die two inorganic Nfotilisen 
studied. 



CONCLU83ION 

Although the application of one wganic N fertiliser 
(bloodandbone)produceddiesaniepositivetonuao 
yield nspontes as applications of equivalent rates 
of two inorganic N fertilisers (KNO3, (NH^^SO^), 
compost produced significantly lower yields at all 
rates of N applied. Most indices of fruit quality did 
not alter as tte fimn of N applied changed. How- 
tyet, tomato fruit quality indices measured were 
reduced with increasing rates of all forms of N 
fertilisers applied, the exception being lycopene. 



inew lesniB snow mat cbwhis ot nigiief ^ ., , 

produce ariang from the use of organic compared ^ 
with inorganic N ferti lia e n w w not vatidaiediBtfae | 

I»esent study. 
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Composition of New Zealand apricot kernels 
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Abstract The proximate analysis of 'Moorpark' 
apricot kernels (Prunus armeniaca) has been 
fletennined. Moisture (4.7%), protein (20.6%), 
dietary fibre (2^%), total ash (2.9%). and lipid 
(52.0%) values were obtained. A potentially valuable 
oil was extracted and chemically analysed. The fatty 
acid composition, measured by gas chromatography 
of the methyl esters, was dominated by oleic acid 
(69.0%) and linoleic acid (26.0%). Cyanide was not 
detected in the apiicot oil. 

Keywords apricot kernels; apricot (Prunus 
armeniaca); apncat kernel oil; nim^gea cooieitt; 
lipid content; fatty add compo^tioo; dietaiy fibre; 
ash oooteot; cyai^ cement 



INTRODUCTION 

ApriccMB (iVumtf onnenidca) are an important firnit 
crop in the Ceniid Ottgo ic^ioB of New Zealand. 

Disposal of apricot pits (kernel and endocarp) 
currently represents a minor problem for Central 
Otago apricot processors. However, recent reports 
(Foater ft Hvidge 1984; Jarvis 1985; Anoo. 1988) 
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have indicated that kernels for disposal in the region 
will increase by c. 68% to a total of 40 1 by 1990. 
RwvioQS wodns have mdicaied that there is a 
aignififtant proportion of oil (c. 50%) and other 
compounds such as benzaldehyde, surface active 
agents, and proteins in Egyptian apricot kernels 
(Abd El-Aal et al. 1986a, b). Indian cultivars are 
reported (Joshi et at 1986) to contahi c. 44% oil 

This in vestigati(Mi has been conducted on kernels 
from 'Moorpaiic' ^ricots to confirm and compare 
the composition with previously reported data on 
other varieties. It may also assist in the assessment 
of the coinnieRial viability of oil extnctkm fiom 
apricotkmids. Extraction of useful substances may 
(vovide a means of extending the relatively short 
{xocessing seasons in fruit growing areas which 
may assist in reducing the ftced cost elements of 
^( lmjp^^^^ny and fliriliiirB fiv prooossois. 

MATERIALS AND METHWS 

Apricot kernels 

Apricot pits were obtained from a Central Otago 
fruit prooewfajg organisation. They were ooUecied 
during January and February of die same year and 

were from 'Moorpark' apricots {Prunus armeniaca) 
harvested in January 1987. They were transpcMted in 
polypropylene mesh sacks and held at c. 3^C until 
required. Kenids were removed from the endocarp 
by hand. Asrequiredtkemds weredried to constant 
weight in a convection oven not exceeding 40*^0. 

Samples far analysis (600-700 g)were selected 
at random from all sacks. These were then 
sobaunpled at landom (100 g) and bleiided m a 
coffee grindf f ^" "" f^ ^ f ^ y beffore analywsi 

Extraction of oil 

Bulk lipid samples were extracted using a standard 
Soxhlet extraction system with chlorofcm 
medianol (2:1 v/v) as solvent. Onoe die solvent had 
been removed by rotary eviqx)radon the Iqnd fraction 
was washed three times withdisiilled water toremove 
surface active materiaL 
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AwOjtkalMdlMdi 

WlUOgCO WMfl6IWWIIM)fl»l<|IIMn^iDCMP0B^^ g 

nmplet oring the micro-Kjeldahl method nd 

protein was estimated using a factor of 6.25. 

Dietary fibre was determined in quadruplicate 
using the neutral detergent method described by Van 
Soett A Wwt (1967) on 1 g samplei. The loMl 
carbohydnilB(exclBdiqgdiettiy fibre) wmakabtcd 
by difference. 

Ash was estimated four times on each sample 
(0 J g). After pre-ashing, samples were heated to 
SS0X:ftr24h. 

lipid oontent was estimated four times on 0^ g 
samples using the Soxtech semi-automatic extraction 
apparatus using chl(Ht)form methanol (1:2 v/v) 
tolvenL After advent was removed by evaporation, 
the oil was filtered and wMted tine tunes widi 
excess water. AOAC (1984) methods woe used for 
Iodine number and Saponification values. The 
defatted flour was treated at 40°C for 1 6 h to remove 
solvent and retained for f urtho^ analysis. 

Mediyl eMn of fidQr icidi iwe pnpwod by 
treating 8 mg of oil in 0^ nd loloene with 0.5 ml 
boron letrafluoride-methanol in methanol (1:3 w/v) 
in a boiling bath for 30 min in sealed vials. Methyl 
esters were extracted using pentane (4 ml) and 
redittolved in dieiliyi edier to OC ieiMniliiB of 
components. A Shimadzu CG 5A was fitted with 
1 .75 X 0.003 m glass column containing 3% ECNSS- 
X on Gas Chrom Q and it was run isothermally at 
9(rc. Nitrogen was ihecaaiergasat 35 mIMi and 



Ute equipment ivnt fitted wilii a flame loniMtfino 
detector. Peaiu weie identified by co- 

chromatography using prepared stnartanti or 
prepared standard mixtures (Sigma). 

The AOAC (1984) qualitative determination for 
cyanide ivaa done in dopiicate on 2 g nnples of 
defatted flonr and on 2 g —pica of yicotoiL 

KBSULTS AND MSCUSSiON 

Table 1 lists thephysical and chemical characteriairs 
of apricot kaneia. TIte auna of ksnidi fDaml in 

*MiXHpaik' apricots is higher dun that (Mrevioos 
reported (Abd El- Aal et al. 1986a) for the Egyptian 
'Amar' variety although it is a smaller proportion of 
die whole pit (25%). 

notem coBccwtiation ot MtMxpan ap r ioc w 
kernels is lower than that of 'Amar* (24.1%), but 
comparable to that of other unnamed Egyptian 
varieties (22.2 and 23.1%) when allowance is made 
for moisture (Salem & Salem 1973). The pnitdn 
content to 'Mooipailt* kenels is oompnraMe to 
those foand(Jo8hietaL 1986) totwo Indian cultivars 
and compares favourably (Abd El- Aal et al. 1 986a) 
with the protein content of such food groups as 
cereals. Furtbeimore, in vitro stndies linve 
d e munsiia tadthatttiereiso o m p a n Medigeatifafllty 
to standard protein casein in pepsin, trypsin 
pancreatin, and pancreatin-pepsin systems (Abd El- 
Aaletal. 1986a) and it may also have useful foaming 
and emnlsification properties. 



Tairit 1 Comparison of composition of 'Moorpark' ^xicot kernels with literature values. 



FroperQr 


Mean 


Mooipark 
Range 


m 


Anui* 


Egyptian Egyptian 
Swael^ BittM^ 1 




Qmnaf 


MtM of 100 pits (g) 


255.6 






137.2 


ND 


ND 


ND 


ND 


Mass oflOO kernels (g) 


65.1 






42.8 


ND 


ND 


ND 


ND 


Moisture content (%) 


4.7 


0.15 


0.06 


2.8 


0 


0 


5.5 


3A 


Nitrogen content (%) 


3.29 


0.12 


0.05 


3.86 










Pkotdn content 


















(NX6.25)(%) 


20.6 


0.80 


0.05 


24.1 


23.10 


22.20 


215 


20.2 


Crodc fibre (%) 


2.5 


1.08 


0.45 


2.4 


2.74 


2.29 


16.4 


18.0^ 


Lipid coiilent(%) 


52.0 


2.8 


0.11 


50.9 


53.17 


55.96 


44.2 


44.6 


Ash (%) 


2.9 


0.24 


0.11 


2.2 


247 


2.15 


2.8 


23 


Cyanide 


present 






0.15 




present 






Total carbohydrate (%) 


















(excluding dietary fibce) 173 






17J 


18.S2 


17^ 


9A 


104 



■Values obtained by Abd El-Aal ct al. (1986a, b). 

Values obtained by Salem & Salem (1973) and are quoted on a dry weight basis. 

'Values obuined Josht et al. (1986). 

''C'rude fibre. 

SD 3 Standard deviation. 

ND - Not (k'termincd. 
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The dietaiy fibce content of the 'Mooipark' 
aeniel8was2.5%, which is oompanMe to that found 
or the three Egyptian konels but much leas than 

he crude fibre values of 16.4 and 18% obtained 
'or Indian cultivars. It is possible that the defatted 
lOMT remaining after industrial oil extraction may 
Kovide a digestible animal feed piovided that 
lydrocyanic acid content is not high. In our study 
:yanide was detected but not quantified in the defatted 
lour. Previous workers (Stoewsand et al. 1975) 
lave rq)orted that the cyanide content of dried 
ifvioot komeis nnge firora 11.7(0^ mg^OO g for 
Moorpark* apricots to 177.1(11.1) mg/100 g for 
Sunimerland' apricots. 

The lipid cfmtent of the 'Moorpark' kernels of 
12.0% was shnilarioihatfoundfor Egyptian 'Amar* 
cemels (Abd El-Aal et aL 1986a) (allowing for 
Tioisture) but less than that found in other Egyptian 
:ultivars (Salem & Salem 1973). The lipid content 
3f the Indian kernels is noticeably lower. Repeated 
waainng of the 'MoGfpaik* oil with water (X3) left 
i residue of 50.8% neutral lipid. Cyanide was not 
letected in the crude lipid extract 

The ash content of 'Moorpark' kernels is 
comparable to that found by other workers (Table 1). 
rhe total carbohydrate ccMitent excluding crude fibre 
was comparable to that found for the duee Egyptian 
icemels but consideiabfy more than thaticpofted for 
Indian cultivars. 

The fatty acid composition of the neutral lipid 
Braction finxn the *Mocxpaik* aprioot ksmds is 
given in Table 2. For comparison, die £Btty add 



composition of oils from kernels of aisicots grown 
in other countries, is inchided m Table 2, The 
'Moorpok* kernel oiheaemblesdiatofdieEgyptian 
•Amar' cultivar (Abd El-Aal et al. 1986b). Except 
for the lower myristic and stearic acid values the 
'Mo(xpark' oil is comparable to that found from 
sweet MorpanMiaandbittBr'Chavani* Thdiwi apricot 
kernels (Joshi et al. 1986). The 'Moorpark' results 
are similar to those found for the French cultivar 
(Farines et al. 1986) and shows some similarities 
with the Israeli cultivar (Gutfinger et al. 1972) and 
the Japaneae uom apricot kernel (Prwms mme) 
(Ogihara et al. 1982). It would be surpriauig if there 
is exact agreement with literature values foranumb^ 
of reasons, including the observation of Ogihara et 
aL (1982) who found the composition of the kernel 
changed during fruit development and maturation. 
Furthermore, the influences of soil type, geogr^ical 
location, and seasonal variation were not assessed. 
The results may be of q)ecial interest to oiipiocessors 
since the vahieofimpartedvegetaMeoib o utstrip ped 
export values for exported oil by $27.9 million 
during 1987 (Anon. 1988). The total quantity of 
edible oils imported into New Zealand was c. 3 
million litres. The s^ricot oil which is expected to be 
avaibble from CdmalOiago may olbet die coat of 
imports. Apreviousreport(AbdEI-AaletaL 1986b) 
has in-dicated that performance characteristics of 
* Amar' apricot oil allow substitution for traditional 
edible oils,such as peanutand soybean oils. Properties 
of *MoQqia^ apricot oil wiU be die snlject of coo- 
thunogaindyatdiBlMveKrityofOiagaFMeniKxe, 



Table 2 Fatty acid composition of the neutral lipid fraction of iqmcot oil. 

Faity acid Moorpark Rouge du Ume" 

(% of total fat) Mean Range SD Amai' Morpankha'* Chavaru*' Roussillon"^ Raananad {Prunus mume) 



Myristic 
» » »-. - 

rWBHDB 


Tr 






Tr 


139 


1.10 


Tr 




tt 


4A 


12 


0.19 


437 


4.11 


3J0 


4.8 


6.2 


8J 


Palmitoleic 


03 


0.02 


0.01 


0.12 


Tr 


Tr 


0.7 


0.6 


12 


Stearic 


02 


0.01 


0.01 


0^ 


2.07 


1.98 


0.8 


0.8 


14 


Okie 


69.0 


3.4 


M 


66.29 


6950 


7338 


62.1 


72.9 


S63 


Linoleic 


26.0 


1.3 


0.7 


28.64 


23^ 




31.6 


193 


31.7 


Unoknic 
bdipeiiwiibBr 


0.1 
105.3 


0.01 




0.12 


lolio 




106 




0.2 


Sqx>nification 




















number 


187.7 


189.7 

















Tr = Trace. 

'Values obtained by Abd El-Aal et al. (1986b). 
^■fnet dbiafaMt by foSM et d. (1986). 
Values obtained by Farines et al. (1986). 
^Values obuuned by Gutfinger et al. (1972). 
•VahMt obtained by Ogihm et aL (1982). 
SD « Standavd deviadon. 



Copyrighted material 



42 



New Zealand Jounial of Crop aod Hofticiil^ 



the remainiog defiMied fkxir nuy be of use as an ani- 
inrifeedJ^iiMewoAwinaiaoconiidcftfieooBOcainh 

tion of such compounds as coasfkx potyaodnrides 
which may be used as food conditioners. 

It is possible that the short season enjoyed by 
apricot processors may be extended by short-term 
skxagB of pit8forn4)«quenteoitiBCtk».Siicfa activity 
may provide a means of increasing equipment usage. 
If successful this will assist in reducing fixed costs 
associated with stonefruit processing. 

CONCLUSIONS 

The analysis of 'Mboipaik* apdoat kernels gave 
resul ts that were comparable widi those obtained for 

apricot kernels produced in other countries. 
'Moorpark' apricot kernels arc composed of c. 50% 
oil which is readily extracted. From its fatty acid 
composition theoil appeafStobesutuMeasapvtial 
replacement for vegettble oils. Cyanide was not 
detected in the lipid extract 
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L rapid, simple test for heat damage in durum wheat 
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abstract A simple, rapid, diagnostic test develq)ed 
or the detection of heat damage in bread wheat was 
hown to be suitable for a variety of durum wheal 
sitivan from New Zealand and Australia. This 
■oiein sohibility le8t(PST)<|iiantitaiively measures 
he loss of solubility of albumins and globulins in 
leai-damaged wheat. The PST clearly distinguished 
ound £rom heat-damaged durum wheal that would 
mat p ioMem s in baking, seed genninatioii. and 
loagh-mixing and extrusion for pasta manofacture. 
n 1988, a New Zealand milling company used the 
'ST to check lines of artificially dried durum wheat 
It the time of wheat delivery. No heat-damask 
tamples wereiband by the testorsotMequendyasa 
xoUem during die manufacture of pasta. 

keywords protein solubility lest; durum wheal; 
>read wheal; heal damage; baking; germination; 
prta mmmfacture; dough mixing; extrasion; wheat 
kyiog; min wheat intake 

INTRODUCTION 

rhcre is very lilllc published information on the 
xxisequences of overheating durum wheal during 
Kificial diying or Storage of moist grain. Also, no* 
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simple, rapid tests for heat damage to durum wheat 
have been reported. Coleman & Rothgeb (1927) 
demonstrated that beating moist durum wheat at 
38'^C for 90 days to simulate the conditions of *lHn- 
bumed" wheat, produced the typical properties of 
heat-damaged wheat, i.e., reduced ghiten extraa- 
aliility, snuU loaf volume, and poor cnmib texture. 
Drying moist duram wheat artifidaily at 82^ in a 
cross-flow grain dryer caused a problem of grain 
breakage (Backer & Larson 1986). It is generally 
accepted that pasta cooking quality is associated 
with quality andquantity of durum seraoUnaproleins 
(Grzybowsid & Donnelly 1979; Antnn ft Benier 
1984). Also, gluten strength in durum wheat 
influences dough-mixing properties of semolina and 
coddng quality of spaghetti (Dexter et al. 1981). 
The kMS of ghiten strength resulting from tlie 
denaturalion of gluten proteins by overheating moist 
durum grain during artificial drying might therefore 
produce serious problems for pasta manufacture. 

In New Zealand, the moisture content of durum 
wheat near harvest is sometimes at a level that 
results in a risk of pre-harvest spnmting. To reduce 
the risk of sprouting in these seasons, the moist 
dunim wheat is harvested and dried artificially rather 
than dried in the fiekl. Thus, there is a need for a 
rapid, simple, hiexpensh« test to delect theraul 
denaturalion of proteins in artificially dried grain 
that might lead to loss of quality of durum wheat 
Recently , a simple, rapid protein solubility test (PST) 
was develq)ed for die detection of heat damage to 
biead wheats (Every 1987).'nd8p4)erinvestigMes 
the use of diis test fw durum wheats and estimates its 
value in predicting loss of quality of beat-damaged 
durum wheat. 



METHODS AND MATERIALS 
Grahi samples 

New Zealand durum wheat cukivars, grown on 

farms in mid and south Canterbury, included: one 
•Vemum' sample from the 1984 harvest year; one 
*Tara' sample from the 1985 harvest year, and nine 
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Fig. 1 Relationship of heat damage in wheat to protein 

solubility as measured by the PST. Wholemeals from 
totally heat-damaged wheat were blended with sound 
wholemeal from die same aource and analysed induplkate. 

(a) PST standard curve for bread wheat The points in the 
figure show mean values of six deienninations on each 
standard wheat blend made at different times over a 2> 
week period. The bars show standard deviations, (b) PST 
standard curve for durum wheat. T]\c jx)inLs in the figure 
show mean values for the 16 durum wheaL*: listed in the 
Methods section, llic bars show standard deviations. 




100 160 
wtwatCC) 



0 50 
Tempcrstura of 



Fig. 2 Comparison of PST (#, absorbanceX baking te>t 
(□ loaf volume), germination test (A; %) and alveogr^.i 
test (A, strength; area under alveogram curve X 1.4) for 
detectionof heat damage in dunmiwheatheated atvarious 
temperatures. The points in the figure show mean values 



'Tara' and three 'Aldura' samples from tfie 1917 
harvest year. Australian durum wheat cultivars grown 
in Australia included 'Kamilaroi' and 'Yallaroi' 
from the 1988 harvest year. All the samples woe 
nammlly dried in the fidd lo moittie ainleaii 
below 14%. 

The New Zealand bread wheat cultivar, Oroua, 
from the 1986 harvest season, was used as the 

1 987). This sHiifde liadanalMori)ttioevalDe((l^ 

for the PST which represented an average \ alue 
detennined for 34 bread wheats representing 27 
cultivars (torn six countries throughout the world 



Prolcte Mlibiity ten i» kMt dMMfe ki 

The reduced solubility of hett-damaged when 

proteins in aqueous NaCl was utilised to develop 4e 
PST (Every 1987) which is summarised as follows 
Wholemeal flour ( 1 g) in a 1 00 ml measuring cylin(is 
was muted with2% (w/v)Naa (SO ml) by invcnioa 
once a sec for 30 sec The floor was left ID aenlefif 
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Fig. 3 Typical alveognms for 
durum wheat samples heated at 20, 
50. 60, 70, and 80°C from the left. 
Maxinnim overpressure (P) and 
avenge abaeisia nipoare (L) am 
ahown. 
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1 0 sec, then 0. 1 ml of extract was removed from the 
top layer of liquid and mixed with 3 ml of Bradford 
(1976) pnilein slain reageat llie alMortNnce at 595 
nm was measured after 2 min against a blank of. 
protein stain reagent AttheWheatResearch Institute, 
a Falling Number Mill Type 3303 set at zero was 
used to jvqnre wholemeal flour for the PST standard 
curve (Rg. 1). AttheoommefcialmUllaboialaiy.a 
Falling Number Mill TypeSlOOwasosedtopiqMre 
wbolemeal for the PST. 

Heating procedinrcs 

Laise samples (500g) of dnram wheat (cv. Tare, 
1987) soilalile for test-baking and alveognq)h tests 
were conditioned to 18% moisture content for 16 h 
before heating. Samples were spread out in a thin 
layer in plastic oven bags, sealed, and heated in 
iliwaioiy ovens for 1 h at 50. 60, 70. 80, 90. 100. or 
140^ Samples were air-dried lo kss lhan 14% 
moisture content befcM^ testing. 

Multiple samples of totally heat-damaged wheat 
for the FST standard curves were prepared on a 
■naD andeas desciibed by Bvery (1987). Wheals 
(40 g) of natural moisture content were mixed with 
distilled water (0.8 ml) in pyrex tubes (32 mm i.d.), 
c^n)ed with aluminium foil, and heated for 1 h at 
ISffC in an ahuninium hnithig btock. The kwf 
volume of bread baked with totally heat-damaged 
wheat has a limiting value of 25-30% of oonttol 
(Every 1987). 

CScnBiw^SoB flcat 

After soaking wheat for 2 h in distilled water, 100 

kernels were placed on moist filter paper in a Petri 
dish and kept at 20''C away from light The proportion 
(%) of wheat germinated was recorded at 7 days. 



Baking test 

Bread was made by the Wheat Research Institute 
SO g mechanical dough development process 
(Swallow ABamch 1986). Whitefloorwas prepared 
on a Buhler MLU-202 laboratory mill. Doughs were 
produced from SO g of white flour using optimum 
water absorption and work input values as detomined 
on a 12S g Mitchell Mixer (Mitchell 1984) for the 
sound dnmm wheat being tested. The doogli was 
proved for 8 min at 32X, moulded, proved again for 
4S min at 40°C. then baked for 25 min at 210''C. 
Loaves were left overnight at room temperature 
(20X) before assBasmeot of votame by rape seed 



Chopin Alveograph 

Tests were performed in duplicate on the older 
model Chopin Alveograph as described in the 
Alveograph handbookCRaridlARaiper 1987). WMte 
flour waspreparedonaBaiilerMUJ-202 laboratory 
milL 



RESULTS AND DISCUSSION 

Relationship of protein solubility to heat 



The PST siandaid curves for tread wheat and dunan 

wheat are presented in Fig. 1 . A comparison of these 
standard curves by an analysis of covariance showed 
they were not signillcantly different (P = 0.01). The 
data werepooled to give the functional linear equation 
(Berin»*s case; Bericaon 1950); 

A>0J49>0i)0295lf 

where A is the absoffaanoe firom the PST, and i/ is the 
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peiceotage of heai-damaged wheat for both bread 
Md dynn fiteaL Tte cocfficical of dcicniMini 

(r^ WM 99.7%. That file tame PST standard curve 

can be used for the quantitative determination of 
heal damage for both bread and durum wheats. 




The PST was compared to three odier tests that can 
determine changes in wheat quality caused by heal 
damage(Fig.2).Thebakingtest(C(rieinan&Roihgeb 
genninatioii test (HrtcMnton et aL 1946), 
aodatveognplilBitCrotletaL 1986) have allbeea 
Uted to deteiiniiie damage in bfead wheat. 

Cultivar Tara was chosen for the tests because 
other durum whealculuvarsarerarely grown inNew 

All die teitf Aowed drastic changes in durum 

wheat quality in samples heated above 60®C. 
Although tliCTe was some loss in baking quality (loaf 
volume) of durum wheat heal ed at 50 and 60^ 
which wat not refleded by the PST, die two leta 
fenendly thowed companMe changet for the 
diffeieot heating temperatures. Durum wheats are, 
however, not generally used for baking bread and it 
may be more appropriate to compare the PST to 
alveograph tests. The Chopin Ai¥eograph is often 
otedlopiovidemfonmNkinondiecharacierittictof 
duam i^eat for its most common usage in die 
manufacture of pasta (Cubadda 1988). 

The al veogn^ strength measurement(area under 
alveogramcurvex 1.4)dioppeddnaticallyin wheats 
healed above 60^ mddiis coincided with die drop 
in PST values (Fig. 2). This corresponded with a 
drastic drop in both the dough tenacity values 
(maximum overpressure, P) and dough extensibility 
values (average abscissa to rupture length, L) for 
templet healed dx>ve60^ (Pig. 3). Samples healed 
at TO^'Cweieextruded very alowlyby die Alveograph 
and consequently became overmixed. Samples 
heated at %0°C were extremely difficult to extrude 
and samples heated at higher temperatures could not 
be extruded at an. These results showed diat heat- 
damaged durum wheats would cause mixing and 
extrusion problems in the manufacture of pasta 
products and the PST was able to detect heat damage 
at a level that would cause these problems. The weak 
gluten propertiet of heat-damaged durum wheat 
might also produce pasta of poor cooking quality 
because it is considered that durum wheats with 
strong gluten properties lend lo produce pasta with 
tuperioroookiiig characteristics pexteretaL 1981; 
Cubadda 1988). 



Practical use of the proten solability tcit i 

Wetweatberwasexp^iencedaiciilicaltHiiesdadeg | 

Zealaad. lb mid dw possibility of pre-liarveat | 

sprouting, many lines of durum wh^ w^ere harvested ' 
befcKe fully dried in the field (mostly about 18% \ 
moisturecoateot)aiidtheoactificiattydriedlolKiov . 

lines (272) were analysed by the PST as tbe tioie of 
wheal delivery at the mill to ensure that no heat- 
damaged lines were stored in the mill silos. Some of 
die PST mediods used by *e ma UbmNBy «ae 
oiueraK nom bmmb ■sen ny ne wnens MCKmni 
Institute for Fig. 1. Difioent Falling Number 119 
Types, mixing methods, and spectn^>hotoiiiettn 
were used. Although these changes gave higher 
absorbanoe vsIbcs ^bi dK osder of one sbnoibmBe 
■nit) dun diose Aown m Rg. 1, die nMBsanemeaB : 
were consistent This verified tfie results of Every 
(1987)which showed that test conditions can be 
altered successfully provided die new conditioQs are 
perfijnned coDSUlBndy. 

A new standard curve was piqMBBd is dm arid 
laboratory using standard durum v/bcsi samples 
provided by the Wheat Research Institute. The 
standard sound durum wheat was a Tara cultivar 
from die 1987 harvest which iqieseaiedmimmmge 
PST vahie 0)351, Fig. lb) for aD dm atnmdtaM 
wlieat samples listed in Materials and Methods. The 
standard 25, 50, 75, and 100% heat-damaged durum 
wheat samples were blends of the sound durum 
wheat with totally heat-damaged durum wlmatfiam 
die same source. Hie sound standaid wan aoalyMd 
In the commercial laboratory each day thsi 
commercial lines of durum wheat were being tested 
at wheat intake over a period of 6 months. The mean 
absorfoance value i(x 36 determinations (rai^e 
1.240-0.892) was 1.047 and die standart deiviBiian 
was 0.088. The range of PST values for the 272 
artificially dried durum wheat lines tested was 
0.811-1.676. None of these lines was considered 
heat-damaged when compared lo the standard sound 
durum wheat value determined on the same dSy- 
Also, no problems in milling, dough-iniil^g. or 
extrusion were encountered when these lines wttt 
used for the manufacture of pasta products. 

This lesolt was fortunate for die nuwudk i m cr. 
but, to verify the PST, it would have been ttseM 10 
detect one or more commercially heat-damaged 
durum wheat samples. Itwaspossible,however,Uai 
the commercial grain driem took OMiecaremdHir 
drytagi»ocedures with the knowledge dmtikeadl 
was routinely testing £or beat damage. 
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Identification and discrimination of New Zealand bread wheat, 
durum wheat, and rye cultivars by RP-HPLC 



R. L. HAY 

K. H. SUTTON 

Wheat Research Institute 

Department of Scientific and Industrial Research 

P.O. Box 29-182, Christchofch, New Zealand 

Abstract This paper describes modifications tt> 
the procedure for identification of New Zealand 
bread wheat. New Ziealand and Aostnlian dunim 

wheal, and New Zealand and overseas rye cultivars 
by reversed-phase high-performance liquid 
chromatography (RP-HPLC) of the alcohol-soluble 
proteins (gliadins or secalins). Twenty>three 
outclassed and current bread vdieat cnltivan, six 
durum wheat cultivars, and four rye cultivars were 
examined. Each was found to be uniquely identifiable 
from its protein elution pattern. Rye had one peak 
tfHtt was cleefly distinguMiod tton all Ixead and 
durum wheats examined. This enabled the 
identification of rye in a wheat/rye mix. It may be 
possible, using this technique, for the proportion of 
rye in a mixtme to be quantitated. 

Keywords bread wheat; durum wheat; rye; gliadin; 
aecalin; cultivar identification; RP-HPLC 



INTRODUCTION 

tud MKmincatian ot vmeat vaneiies oy nveisea- 
phase high-performance Ugnid dmmialograirfiy 

(RP-HPLC) of the gliadin storage proteins has been 
well documented both overseas and in New 2^and 
(Bietz et al. 1984; Bietz & Cobb 1985; Cressey 
1987; Marchy io etaL 1988). lUs method is rapidly 
g j wmii^ tcwptiKiK'^ 88 a uMHe ia|Md toA ooovcnient 
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method of identifying wheat cultivars than 
electrapboiesis, particulariy when rapid results are 
rsqairedordielottdnuntoctfsaniidesiobeanalysed 

is small (Wrigley et al. 1989). In addition, closely 
related cultivars which are difficult to distinguish by 
elecux^horesis may be differentiated by RP-HPLC. 
This paper describes modifications made to die 
method of Cressey (1987) which have greatly 
improved the resolution of the RP- HPLC technique, 
allowing bread wheats with similar gliadin RP- 
HPLC patterns, such as 'Otane' and 'Oroua\ to be 
more readily distingoislied. A database of all New 
Zealand bread and durum wheats, major Australian 
durum wheats, and a selection of New Zealand and 
overseas lye cultivars has been compiled. 

MATERIALS AND METHODS 
Wheat and rye 

AH single cultivar samples analysed were either 

supplied by Crop Research Division, Dq)artment(tf 
Scientific and Industrial Reseanx:h, Lincoln, New 
Zealand or were drawn frcMn die 1987/88 Wheat 
Research Institute harvest evaluation file. 
Q?min<iciiiimil1ffl?andtalBtCTi M |^ 
The following cereal cultivars were exammed: 23 
bread wheats currently or previously grown in New 
Zealand ('Abele*, 'Advantage*, *Aotea', 'Arawa', 
'Batten', *Boonty', 'Crossbow', 'Haydock', 
*Hilgendorr, 'Hotspur', *Karamu\ *Kokart*, 
'Konini', 'Kopara', 'Kotare*. 'Newbury*. 'Otane*. 
'Oroua', 'Pegasus', 'Rongotea', 'Takahe', 'Tiritea', 
and 'Weka'); six current and outclassed durum 
wheals of New Zealand or Anstialiaa origin 
CAldura*, 'KamiUaroi' (Aust), 'Tara*, 'Vernom', 
'Waitohi*, and 'Yallaroi' (Aust)); and four rye 
cultivars of New Zealand, overseas, or wild origin 
('Amino Dominant' (Europe), *Rahu', 'Secale 
Monianam* (wild), and 'Snoopy Dwvf (CIMMYT 
(International Maize and Wheat Improvement 
Centre)). The term "bread wheat" is used where a 
cultivar has been, or is currently, used iox bread 
{voduction. Some older wheat varieties are now 
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used for otherbelDDdprodncts. TaMe 1 pieaenisbdce 

score data for cultivars determined during the 1985 
and 1988 harvests. These harvests were chosen 
because they are representative of epical weather 
coodilkms, ndliier boosting or lowering cuUw 
pcfforimiioo. Bakip scores were ddennjned nriog 
the WRI SOg MDD mimbilB described bf 
Swallow Sl Bvuch (1986). 

Sampk preparaltaa 

Fk>ar and meal samples were prepared by Brabender 
Quadrumat Junior, and Falling NmAxiT 3100 mills 
respectively. Flour (100 mg), or meal (200 mg), 
samples were extracted in capped 1 5 ml corcx cent- 
rifuge tubes with aqueous ethanol (2 ml, 70% v/v) 
for 30 mill, with occasional agitation on a vortex 
mixer. All extractions were performed at room tem- 
perature. Samples were centrifuged (48 000^, 15 min) 
and the dear supemaiants removed for analysis. 

ChroBuitographic coMiitiQU 

Chiomatogr£q;)hy was performed using a Waien600 
solventdeUveiy/oontrol system with a Waters WISP 
712 automatic sample injector and a Waters 481 var- 
iable wavelength ultra violet detector. The column 
used was a Brownlee Aquapore RP-300 (220 X 4.6 
mm) fitted witii a Brownlee Aquapore RP-18 
Newguaidcolumn (18x 3 J nun).EIiilBdco mp o n e nt 8 
were detected al210 nm and chromatographic traces 
recorded using the Waters Baseline 810 software 
operating on a personal computer. Solvents used for 
ehition were: (A) water containing 0X)6% (v/v) 
trifluoroacetic acid (TFA); and (B) acetonitrile 
containing 0.05% (v/v) TFA. Degassing was 
achieved by vacuum fillration through a 0.22 \un 
filter, rapid sparging with helium (100 ml/min, 
10 min) and constant, slow helium sparging into 
cqiped, vented solvent reservoirs (10 ml/min). 

Samples (20 )il) were injected onto the column 
which was maintained at 70°C using a Waters 
column heater. All samples were analysed in dup- 
licate. A linear 48 min solvem gradient fiom 24 to 
48% B with a 12 min hold at final concentration was 
used. The column was returned to the initial solvent 
composition over 1 min and allowed to re-equilibrate 
for 30 min before the next analysis. Flow r£Ue was 
05 ml/min for all analyses. It has been suggested by 
Marchylo & Kruger(1988) that injection of volumes 
larger th;ui 5 jiliircs causes misleading results because 
of proiem washing off ihc column with the injection 
peak. However, the same authors have shown that 
when 70% eUianol is used as the cxu^ctant, this is 



only a severe problem for die oo-gliadiiis when the 

injection volume reaches 20 )jlitres. As the peaks 
due to the ogliadins arc not used in the idratification 
I»ocess, and other gliadin fractioas are largely un- 
itffociedattfiisinjeoteB¥Otanw,anritq^iiyectioo 
lechiuqiiewasoonsideredandeshableasitprecliMled ; 
the use of an tH# p^f i«miff 



RESULTS AND DISCUSSION 

Since the previous paper detailing New Zealand 
bread wheat cidtiw kkwtificstiwi using gliadni 
dsomaiognaisCCressey 1987),im|iroveaieotshB«e 
been made to the chromatographic conditions. The 
most significant of these has been the elevation of 
the column temperature from ambient to 70X in- 
creairingihenoBiberof peaks obacfved,etffaerBicMa9' 
ed resolution or changed cohnuiAioiBiB asa flBfldl 
of specificity, and minimising variation in pealc 
retention times (Bietz & C(^b 1985; Marchylo etaL 
1988; S. M. Riitledge unpubL datiO- Hie efiectof 
elevating colmaa lemperaiure and modifying 
gradieotcoiMiitiona is shown inHg. lA-D-TUshas 



Table 1 New Zealand bread wheit culdvan nuked by 

bake score. 



Cultivar 


Bake score* 


Otane 


25> 


Kotare 


24.1» 


Arawa 


23.7* 


Oroua 


23.fr 


Weka 


21. 8» 


Rongotea 


21.& 


Konini 


21.1' 


Advantage 


19^ 


Bounty 


19> 


Tiritca 


\i2f 


Kopara 


VjSf 


Takahe 


17.2' 


Crossbow 


1S> 


Kokart 


\5» 


KnamD 


14.> 



• WRI SO g MDD minibake bake icara detennined m 
described by SwaOow ft Banch (198S). 

• 1988 data. 

• 1 985 dala. These years were chosen because ihey represenl 
typical harvests with no strong seasonal swings. Samplei 
suffering weather damage have been excluded from 
calculations. The following cultivars have not been 
grown in suffidem quantity since 1984 to enable m 
accurate ranking: *Abele'; 'Aotea'; 'Batten' (due for 
release); 'Haydock'; 'Hilgendorf; 'Hotspor*; 
'Newbury': and 'Pegam*. 
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Fig. 1 RP-HPLC chromatograms 
of wheat gliadins cv. Otnw on • 

Brownlee Aquapore RP-300 
column (220 X 4.6 mm). Gliadins 
were extracted as de s cr i bed in the 
text Protein elution schemes were: 
A, linear gradient from 28 to 50% 
•oetoiutrile in 55 nun at 1 tiUfttiin 
and 20*C (as per Cressey 1987); B, 
linear gradient from 24 to 48% 
•oeionilrile in 48 min 4- 12 mn 
hold at final concentration at 0.5 
ml/min and 20°C; C, asfofB but 
wMi oohmm tempentuie increased 
to 70°C; D, linear gradient from 24 
to 48% acetonitrile in 15 min + 5 
min hold at final concentration at 2 
■olAnin and 70°C (S. M. Rudedfe, 
unpubl. data). Solvent peaks are 
not shown. 
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led to an expanskm of ongoing Ixead wheat cultivar 
IdentificatiGii to include duium wheat and lye 
cultivara. 

Bread and durum wheats 

Bread and dunun wheat chromatograms typically 
oontiinSSni^iorand miner components. Hg.2Ae-F 
iDitftraic the dmrnatograms of several common 

bread wheat cultivars. Comparison of Fig. 2 with 
Fig. 3A-D shows that durum wheat chromato- 
grams are similar to, although distinguishable from, 
thoseof bread wheat Ail durum wheats analysed 
have nuijor peaks at retention times of c. 35.2, 3M, 
43.2, and 48.2 min. These are marked * on Fig. 3 A. 
The peak at 35.2 min is also a major component in 
the bread wheats 'Rongotea', 'Otane*, and 'Oroua' 
(first marked peak. Fig. 2A). as is tlie petk at 48.2 
minin*Rongotea*only.Mi^peak8liaandinbRad 
urtieats that do not appear to any great extent in 
durums occur at 36.4, 41.7, and 42.8 min (marked 
peaks. Fig. 2A). 

Visual inspectkm of the chromatograms of 
unknown wheats and comparison of peak presence/ 
absence and relative peak heights with those of 
library chromatograms is usually sufficient for 



cultivar identification. Identification is then 
confimied by turning an anifaenlic sample of die 
assumed cultivar. For bread wheats, the greatest 
variation in chromatogram appearance occurs 
between 35 and 40 min, and to a lesser extent 
between 47 and 49 min. Likewise duium wheat 
variatkm occur laigely between 35 and 40 min, 
with fewer variatkms between 40 and 45 min. 

Rye 

To enable direct comparison of rye and wheat 
chromatograms the same elution gradient was used. 
Hg. 3B,Fshowsthttfye^secalincfaromatt)gnm8are 
easily distinguished from wheat gliadins by grouping 
most peaks into three regions. These range from c. 
27.9 to 28.4. 39.2 to 40.5, and 44.5 to 45.8 min. In 
addition, a peak of modcfaie size (often displaying 
small, powly resolved satellite peaks) ehites at 
502 min. Analysis of a 1:1 ratio of 'Rahu':*Otane' 
showed that this rye peak was clearly distinguishable 
from the latest duting wheat peak (48.2 min). If it is 
poasQile to aocomely quantify this peak in wheats 
rye mixlnres then it may be that RP-HPLC couklbe 
used as a quantitative analysis tool for such mixtiues. 
In general, differences between rye cultivars are less 
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Flg.2 

of bread wheat gliadins oc t 
Brownlee Aquapore RP-?Ot< 
ootumn (220 X 4.6 mm). Gradiea 
conditions were 24-~481r^ 
acetonitrile over 48 min - 1 2 trm 
hold at final concenixatiaa at (XSJ 
ml/min and 70*C. CaltiTa^ 
illustrated are: A. 'Otane*; 1.1 
'Kotare'; C. 'Ozooa'; Bl 1 
Itoagoln*: 'KraoB*; ami 
'Konini'. Peaks marked widi m 
airow (i) elute at 35.2. 36^ 41.1 




M 46 to « 

Retention time (min) 
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pnmounced than those found between wheat 
coltivan, aUxMigh not sofiBcieat to mhibit coldvir 
identificadoiL It is our experience iliat the most 

distinguishing region among rye culttvan is for 
peaks eluted between 48 and 52 min. 

Variability of diroiBatograplv 

Two sources of variation were quantified: (a) 

variation between injections of the same sample on 
the same day; and (b) variation between diflPerent 
samples of the same material on different days. 
Additinnany , it was noted ifaat when a column from 
adiffeient batch was used, retention limes varied by 
c. 7%, logetiier with changes in ooluran specificity. 



•0 



causing slight differences in chromatogram 
appe^ance. Samples of cultivar Otaoe analysed oq 
the column used for the reproducibility ehedBhai 

major peaks with retention times ofc. 37.0 and 44<, 
and a single peak with a shoulder at 52.7 min. 
corresponding to peaks in Fig. 2A at 35^41.7,aBd 
the doublet at c. 48.8 min. 

Usfaig the dHeenuQor peaks at 37.0, 44.5, «i 
52.7 min mentioned above, coefficients of variatioo 
were calculated using the method of Sokal & Rchlf 
(1981). For Source (a) these were 0.44, 0.52, and 
0.89% (peak area) respectively, and 0. 12, 0. 12. iKki 
0.05% (retention time) respectively Q^tSf^ Cbeffi- 
ciems of variatioa for Sonne (b) were 2:24. 2.R 
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b3 RP-HPLCdsDinatograins 
luiiifH whait gKofini nd lys 

alins on a Brownlee Aquapore 
-300 column (220 X 4.6 mm), 
ifient condilioiis wwB 24-48% 
toniirile over 48 min + 12 min 
d at final c oncca tration, at 
'Bd/min, nd 70^ Qdthrws 
strated are dunun wheats: A, 
^laroi': B. 'Kamillaroi'; C. 
Utohi*; and D, Tara'; and 
b — E, *Rahu*; F, 'Amino 
minant'. Dunim wheal peaks 
rkedC*) elute at352, 38.4,432, 
1482niinraqiective|y. Solvent 
ik»tn not tbomn. 
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ind 0.96% (peak area) respectively, and 0.61 , 0.70, 
Ad 0.52% (retention time) respectively (n=:18). 
Mttingly, the ooeffidenls of variatkm for peaks 
"UchflrenoifiiUyiesolved (37.0 and 44.5 min) are 
considerably larger than the peak at 52.7 which has 
vaseline resolution. This suggests thata large propw- 
Jon of the day-to-day variation observed in peak 
iKi itCMned by fiw diffoenoei in the integratioa 
3fienito,iatber than ibe variability of the lec^^ 
itself. However, long-tmn variation as a result of 
^casonal effects or the use of different column batches, 
is likely lo have a more profound effect on chromato- 
gram appearance and final identification. 



CONCLUSIONS 

RP-HPLC of 70% alcohol-extractaWecereal proteins 
is now an accepted method of cultivar identiOcation. 
Modifications made to previously published 
Bie d iodBhnveinci'PiiffPd lhei'pffft * <H^?" If ^ 

possible to uniquely identify all bread wheat, durum 
wheat, and rye cullivars currently grown in New 
Zealand. All of the rye cultivars examined had one 
well-sq;)arated peak which eluted later than the 
latest ehitnig wheat peak. It is possible that this 
feature can be used to quantify die amount of rye 
present in mixtures of rye and wheat, such as the 
kibble used in multigrain luead. 
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Effects of fumigation, cold storage, and fungicide treatment 
of planting cloves on yield and quality of garlic 
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AMract Ftaniigation with methyl bromide at 

32 g/hi' for 2 h at 21X has been recommended for 
the control of the wheat curl mite (Aceria tulipae) in 
stored garlic. The effects of fumigation 68 days 
bef oie plaming. of cold stomge at 4 for 30 or 60 
d^ys before pliifiting, and of fimgici^ 
planting cloves were investigated in healthy mile- 
free 'Marlborough White' garlic planted at Crop 
Research Division, DSIR, Lincoln, Canterbury on 
17 May and IS June 19B3. FMgation with or 
without cold suxage decreased plant populations, 
mean bulb weights, and yields, and increased 
percentages of rough bulbs with side cloves. Cold 
storage for 60 days with or without fumigation 
d e cmarf ineanbulbweightsandyieldsapdiacrea^ 
percentages of rough bulbs witih side doves. The 
effect of cold storage for 60 days on percentages of 
rough bulbs was less severe with fumigation than 
without Cold storage for 30 days had smaller effects. 
Theie were no phytolootic or be n efi c ial effects of 
capian,benomyl,or vinckwaoiin treaimcntof planting 
doves. 

Keywords Allium sativum., garlic; 'Marlb<xough 
White'; fumigation; cold storage; fungicides; 
e m er g en ce ; moitali^ yield; side cloves 
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INTRODUCTION 

Heavy infiestMions of the wheat curi mite (Acma 
tulipae) in stored garlic have been recorded in 
Marlborough, the main garlic growing area in New 
Zealand (Manson 1970). In California, the wheat 
curi mile has caused oonsidenMe tosses in stored 
gallic and leaf distcHticm in young garlic plants 
OShns ct al. 1976). Fumigation of garlic bulbs with 
mediyl bromide, at the rate of 32 g/m' for 2 h at 2 1 X, 
has been recommended for the control of mites 
^ones ft Mann 1963). It was also a required condi- 
tion for the importation to the United States of gariic 
infected with larval stages of weevils (Brachycerus 
sps) or of a carpenter worm moth {Despessa ulula) 
(Roth & Richardson 1963). Roth & Richardson 
(1%3) investigated the efibds of fumigation on 
quality of sUved garlic. They showed that tolerance 
to fumigation was excellent when applied at 
abnospheric pressure and was only slightly affected 
when applied under vacuum at a pressure of c 1/12 
bar. However, it is possible tint die toxicity of 
methyl bromide would delay sprouting and 
subsequently reduce plant growth and yield. Also, 
delayed sprouting ccmld increase the incidence o£ 
Une mould (Pef^iltoi sps) which would reduce 
plant population and yield (Mann & Lewis 1956). 

In California, 'Califomian Late' gariic sprouted 
more r^idly after storage at 5°C than at 10°, 15°, 
0^, and 20X, in decreasing order ^dann & Lewis 
19SQ. The possibility was considered tint cold 
storage would counteract an expected delay in 
sprouting resulting from fumigation, theieby 
reducing the incidence of blue mould. 

At Lincoln, crop losses from blue mould, 
Fte8fiumiQt(Fiu(riiimsps),anddryrot(Bo(r>oijii^ 
poni) haveoccmed in garticgiown from q)parently 
symptomless planting cloves on land that had not 
been previously used for garlic production (J. 
Lammerink unpubl. data). Fungicide treatment of 
planting cloves was suggested in an attempt to 
control these diaenes (LC. Harvey pen. comm.). 

For these reasons, two trials were conducted at 
I jncoln to investigate the fff fgcts of fii^' g nt M)!!! Cf^d 
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looking planting stock on plant emeigence, mean 
bulb weight, yield, and quality of gariic under New 
Zealand conditions. 



MATERIALS AND METHODS 

Both trials were of the same split-plot design with 
four re|dicaies. Each trial was arranged as a factorial 

of fumigation and cold storage treatments of bulbs 
of 'Marlborough White' garlic with fungicide sub- 
treatments of the planting cloves. 

Theie were two levels of fumigatioa: nil and 
methyl bromide at 32 g/m' for 2 h at 21*C, applied 
68 days before planting. Fumigation was carried out 
under vacuum at 1/15 bar pressure in the ftfst triid 
and at atmospheric pressure (c. 1 bar) in the second 
trial 

There were three levels of cold storage: nil, 30, 
and 60 days at 4.5 ± PC. Cold storage commenced 
on either 12 March or 11 April in the first trial 
and on either 8 April or 8 May in the second trial 
When not in cold storage, the bulbs were kept in an 
open bam with mean daily maximum and minimum 
temperatures that were c. 1°C (SE = 0.5) lower and 
higher respectively than the mean screen tempera- 
tores presented in TaUe 1 .No atiemptsweremade 
to control relative humidity during sttxage^ 

The fungicide sub-treatments were: nil, captan, 
benomyl, and vinclozolin. They were applied to 
healthy-looking cloves as dry powders at the rate of 
10 gj%g of cloves. The cloves were then moistened 
and subsequendy dried, 2 diQrs before planting. The 
mean clove weights per subptot varied £rom 3.0 to 
3.4 g. 

The trials were planted adjacent tt) each otfier on 
17May and 15 June 1983. They werelocatedatCrop 
Research Division, DSIR, Llncobi, on a Templeton 



sik loam after a wheat crop. Eadi ploi ooaaiMiM 

a single row 4S m long. Rows were 0.5 m n]iiwjl 
plants were spaced 0.1 m in the row. Revnl 
superphosphate at 500 kg/ha, uiea at 200 kg/ha,4li 
die herbicide trifluralin (40% ai.) at 2 litre/ha mi 
incoqmBM m me sou s ween neiare pm^K 
IMierweedoontrol waslqr hand-hoeing. The 
received one sprinkler irrigation on 18 Novenflh 
following an application of urea at 100 kg/ha. m 
Plant counts were made on 27 July, 15 AiriA. 
and 19 Jsmniy. AUplanis werefiOedfiDrhBrnSi 
on 19 January whentfaey had started to kxlgeanflp 
foliage was turning yellow. After 6 days dryit^lB 
the field, the plants were stored for 6 weeks Imb 
open barn. The baBw were then topped, 
weighed, and sorted imo two pades (Rg. ly. 

'IMetabie*— nil 10 three side doves; anioadi 
after removal of side ck)ves. 
'Unmarketable"— Aw lo numy side doves; 

rough. (Fig. 1). 

The number of madEetable bulbs as apercemsgB 
of the number of bulbs harvested was calcnhMrri ftr 
each |dot Amdysis of variance was carrkd oat oi 
plant numbers, mean bulb wei^t, and yield, and oo 
percentage of marketable bulbs after angular 
transformation. 



RESULTS AND DISCUSSION 
Ftongiddes 

The fungicide snb-lreainienis and dieir interactions 

with cold suvage and fumigation had no significant 
effects on plant numbers, mean bulb weight, yield, 
or percentage of marketable bulbs in eiUier trial In 
bodi trials, tiiey contributed less dian 7% to the Mil 
variability of each of diese characters. No foqgri 
diseases were detected after plant emergence. 



Table 1 Daily maximun^ minimum, and mean screoitenipenuures at iinm 
Meam are periods of cold treatment during itorage of giriio b^oreplwdog 
on 17 May and 15 June 1983. 

Planting Daily max. Daily min. Daily mean 

date Period Mean SE Mean SE Mean SE 

Trial 1 

17 May 12Mar-10Apr 20.2 0.96 7.5 0.68 13.9 0.79 



llApr-lOMay 163 0.76 6.7 0.62 HA 0A6 

8Apr-7May 15.9 0.79 6.4 0.60 11.1 QM 

8May-6Jun 12.1 0.63 3.4 0.62 7J 0.50 
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. 1 'Marlborough White' garlic: "marketable" Qeft) and "unmarketable" (right) grades. 



Table 2 'Marlborough White' garlic, with or without fumigation and with cold treatment for 0, 30, 
or 60 days, planted on 17 May and IS June 1983. Numbers of plants at different dates as percentage of 
number of cloves planted, mean weights of bulb, total bulb yields, and percentage of maricetable bulbs. 

Cold treatment Non-fumigated Fumigated 

(days) 0 30 60 0 30 60 Lit' LSD^ 

Trial 1 

Planting dale: 17 May 



Plant number (%)' 



27 Jul 


64 


60 


73 


88 


83 


25 


*** 


63 


IS Aug 


97 


96 


98 


96 


95 


70 




5.1 


19 Jan 


100 


100 


98 


9S 


94 


84 




3.8 


Bulb weight (g) 


623 


555 


48.2 


SS.9 


48.S 


47.5 




3.83 


Bulb yield (t/ha) 


12.S 


11.1 


9.4 


10.7 


8.7 


7.9 


NS 


0.88 


Marketable {%f 


9S.6 


83.1 


67.0 


89.7 


8S.2 


87.1 






Angular transf. 


84.4 


67.7 


SS.7 


743 


69.6 


71.4 




S50 


Trial 2 


















Planting date: IS Jun 


















Plant number (%)' 


















27 Jul 


S8 


S7 


36 


21 


16 


4 


NS 


8.0 


IS Aug 


98 


94 


92 


8S 


81 


58 




4.7 


19 Jan 


100 


99 


99 


91 


92 


90 


NS 


3.1 


Bulb weight (g) 


62.0 


61J 


S2.5 


525 


S1.9 


47.1 


NS 


4.86 


Bulb yield (t/ha) 


12.6 


12.3 


103 


9.9 


9.7 


8.6 


NS 


1.00 


Marketable (%)> 


96.9 


94.6 


47.1 


88.8 


89.7 


74.1 






Angular transf. 


86.6 


80.4 


43.2 


72.1 


73.7 


603 


*** 


736 



'As percentage of number of cloves planted. 
' As percentage of number of bulbs harvested. 

' Significance of fumigation X cold treatment interaction; * = P< 0.05; ♦♦=/>< 0.01; ♦♦♦ = P = 
0.001. 
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IhtlieCnttliud,oold8lQngefar60<layscaD8ediiKm 

plant emergence by 27 July, 71 days after plantti^ 
but it had no effect on plant numbers by 1 5 August 
CTable 2). However, in the second trial, planted on 
15 June, this treatment had a retarding effect on 
e m erg en c e by 27 J«iy«id this cflfectwMgiflljBM 
flgnificant on IS August, 61 days after planting. 
Eventually, plant emergence in both trials wai 
virtually complete by harvest on 19 January. 

After planting, the mean eaith tmipenlues at 
10 cm depth were 4.5X (SE = 0.39), 4.6X (SB • 
0.32), and A.e^C (SE = 0.50) over the periods from 
17 May to 14 June, 15 June to 26 July, and 27 July 
to 15 August respectively. These temperatures 
provided safficient cold to indiioe sprooting and 
inbsequent bulbing. 

Mean bulb weight and yield were reduced 23 and 
25% respecitvely in the first trial and 15 and 18% 
respectively in the second trial by cold storage for 60 
days. The percentage of maffcettMe bulba was also 
leduced by this treatment: by 30% ill Uie first trial 
and by 5 1 % in the second trial . These results confirm 
observations by Mann & Minges (1958) that cold 
storage increased the incidence of rough bulbs wiUi 
side doves. 

tarigallM wUhiMt coU atonte 

Plantemergenceby 27 July wasenhancedby fumiga- 
tion in the first trial, but retarded in the second trial 
(Table 2). Itcaused 5% mortality in the first trial and 
9% moitality in the second trial, as iadicaied by 

mmibefs of plants at iiarvest on 19 Janmnr . 

Fumigation decreased mean bulb weight, yield, 
and percentage of marketable bulbs by 10, 14, and 
6% in the first trial and 14, 21, and 8% in the second 
trial Bulb weight did not compensate for the reduc- 
ed nomber of surviving plants. 

Fnm^tion with cold storage for 60 days 

The negative effects of fumigation on emergence, 
plant numbers, bulb weight, and yield increased in 
both trials and the negative effect on percentage of 
marlceiable bulbs mcieased in the second trial only, 
when it was combined wUh cold stcvage for 60 days. 
However, in both trials the percentage of marketable 
bulbs was higher after cold storage for 60 days with 
fumigation than after cold storage alone. 



Cold storage far 3# daji 

Cold Storage for 30 days, wfaeiher combined widi 

fomigation or not, had no effea on emergence aod 
plant nimibers in either trial. However, it did reduce 
mean bulb weight, yield, and percentage of 
mariDdable Ixdbs in die fiFHt tnal, but oot b dB i 
second trial. The lesser reqxmse to storage for 
30 days in the second trial was expected because the 
temperature was only 3.3X lower than the mean of 
die t ft^i iff daily aobicnt (mipendDRS, oompMsd 
wtdi 6.9X1 in d» first Hid. 

Comparison between die two trials 

Both fumigation and cold storage for 60 days had 
diffeiem effects on plant em e rg eace as leoo ri ed 01 
27 July in the two trials. Emergence was enhanced 
by fumigation without cold storage and by cold 
storage without fumigation in the first trial, but 
delayed in die second trial llto intoneikn between 
the fumigation and cold storage factors was highly 
significant in the first trial, but non-significant in the 
second uial ExcqH for diese effects on emergence, 
nildts of tiie two trials wen ilBiiltf de^piie differ- 
^yfi^Trrw Di i ^ ^liHn m^ifi \?mniiiiym bio phuddk miiCeb 



CONCLUSim 

ResntefioniMsexperinienthighlightdiephyiomiB 

impact of fumigation of garlic, expressed as a 
reduction in plant numbers (5-9%), mean bulb weight 
(10-14%), yield (14-21%), and percentage of 
muketable bulbs (6-«%). This impact was not 
co unt ewBled by cold storage at 4.5°C or by fimgi- 
Cide treatment of the planting cloves. Theexperiment 
was (XHiducted widi mite-Cree garlic. However, it is 
speculated that if a serious infestation of the wlieat 
curl mite were present, the negative effiBds of 
fumigation would probably be more than 
compensated by the beneficial effects of controlling 
the infestation. 

Cold Storage had delrimentd effects on yield 
and quality of garlic, and no apparent benefits. 
Treatment of planting cloves with captan, benomyl, 
or vinclozolin had no phytotoxic effects. Treatment 
may be wodbwhile if ftogal diseases are kBotwn to 
be present. 
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Dhau Early' red raspberry (Rubus idaeus L) 



. M. KINGSTON 
. D. BROADBENT 
M. 0*DONCX}HUE 

MAF Technology 

Levin Horticultural Research Centre 
Private Bag, Levin, New Zealand 

abstract 'OhauEasly'redrs&iAi&ny (Rubus idaeus 
..) is a new cultivar resulting from the cross *Lloyd 
ieorge' x 'Festival'. Evaluated for three seasons at 
«viB, it oonsisienUy produced high yields of daik 
at firm, rot-resistant fruit It had a short tuwest 
•eriod (6-12 days), early in the season. It appears to 
»c a particulariy suit2U>le cultivar for machine- 
larvesting. 

Ceywords *Olun Early*; red raspberry; Rubus 
daeus L.; harvest period; machine-harvesting; 
»Uivar 



INTRODUCTION 

Red nspberries (Rubus idaeus L.) are a cool 

temperate crop grown worldwide. In New Zealand, 
much of our red raspberry production is indivi- 
dually quick frozen (IQF) ox bulk frozen and sold to 
praoenon locally and overseas. Rndt for processing 
c^bemacfaine-harvested,ano|ilianbeiiigexplofed 
by growers as hand-picking costs rise and returns for 
fruit remain relatively low. For this reason, a red 
nqpbeny selection programme, aimed at devdoping 
80Qdiiiadiine-harve8tab]eciillivars,wa8initiaiedat 
Levin Horticultural Research Centre (LHRC) in 
1968. Ohau Early* is a cultivar arisiiigfiPQin this 
pogiamme. 
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ORIGIN 

*Ohau Early* isaseedlingselectedfioai the progeny 
of a 'Lloyd George* X 'Festival' cross. It, and 780 
seedlings from a number of different crosses, were 
planted in the field in 1979. Plants were observed 
legolariy and onsuiliiMe seedlings rogued over 3 
years. Characteristics selected for (in no particular 
order) were strong fruiting laterals, ease of fruit 
removal from the plug, high relative yield, fruit 
firmness, and a short fruiting period. During 
1982/S3, *Ohao Early* and foor other promisuig 
selections were both vegetatively and micro- 
proiMgated, tfien planted in a replicated trial in the 
wintCTof 1984. Fruiting characteristics were evalua- 
ted in the three subsequent seasons (1985-87) by the 
macfame-harvestuig and leoonling of fruit weights 
obtained* and regular laboratory analysis of 
iqpresentative fruit samples. 

'Ohau Early' has been registered with the New 
Zealand Plant Varieties Office ^lant Selectee's 
Rights No. 313). 



DESCRIPTION 

*Ohau Early' is a vigorous, eariy flowering and 
fruiting red raspberry cultivar with a harvest period 
which consisiBntly starts 9 days befbre 'Skeena*. 
Fruit are dark red in colour, smaU (mean berry 
weight is 2.24 g), and rounded in shfq[)e. With 
firmness comparable to 'Skeena', they detach 
relatively easily from the plug and have only a slight 
loMKncy to cfunMe. Harvest penoo is or flKxtio 
medium length: harvest coidd be completed witUn 
6-12 days during the three seasons in which we 
evaluated this cultivar. 

Plants produce a large number of new canes 
averaging, after whner praning snd tmfaiing, 16 per 
metre of row which is a similar cane density to tlMt 
produced by 'Skeena*. 'Ohau Early' canes do not 
tend to tvanch and produce short laterals which 
resist damage by wind ox machine-harvester. 
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Table 1 Saleable, reject, and diseased fruit ykidtfarthwadmpbiy cnliinp *SlBBeai* md *OhwBf|y' d— ii^ll— 

consecutive seasons. NS = not significanL 











19R6 






1987 






Ohm 
\JOmU 

Skaena Baly 






1 Ettly 






unau 
I Early 


LSD« 


Saleable yield (tyha) 


6.59 9.06 


0.10 


1.8S 


5.09 


2.91 


4.94 


8.23 


2.99 


Reject yield (l/ha) 


2.98 0.42 


NS 


0.44 


0.14 


0.25 


0.97 


0.34 


0.58 


Diseased yield (l/ha) 


1.84 0.26 


NS 


OJOi 


0.23 


0.11 


0.S6 


031 


0.23 



Table 2 Saleable, reject, and diseased yields, expressed as a percentage of total 
recorded yield, for the red raspberry cultivars 'Skeena* and 'Ohau Early'. 
Rainfall figures for E)eceinber, whenfiruil was harvested, areshown forreference. 

1985 1986 1987 



Ohau Ohau Ohau 

SkMtta Early Skeena Early Skeena Eaiiy 



Safcdbteykld 


ss 


93 


78 


93 


76 


925 


lUgBCI jIBMl 


26 


4 


U3 


3 


IS 


4 




16 


3 


3J5 


4 


9 


33 






164S 




2JA 




97.1 



PERFORMANCE 

Performance data were collected, during three 
seasons, from a trial area established at LHRC in 
1984. All plots were madiiiie-luvvesied, itting a 
fingefdram harvester, at 3-day intervals starting just 
after first fruit fall. The most appropriate machine 
settingsforeachcukivar or selection were determined 
by trial on extra rows set aside for this purpose. 
Yidcbitf saleable, reject (green), anddiaeitted fruit 
wwe recorded. 'Ohau Early' always produced 
significttitly greater saleable yields than 'Skeena' 
and smaller amounts of reject fruit, significant in die 
1986 and 1 987 seasons, despite it's higher saleable 
yield (Table 1). 

The amount of diseased fruit removed from 
'Ohau Early' plots, as a proportion of total yield, 
tended to be lower dian that for Skeena in the 1985 
and 1987 seasons (Table2). In the 1986 season, boUi 
cultivars had similar proportions of diseases! fruit, 
possibly reflecting Ihc low rainfall occumng during 
this harvest season (Table 2). In all seasons, the 



nugor disease present was grey mould ifiotryds 
daenea). 

Ibe weig^tted mean berry weight of'Ohau Early ' 
awct three seasons (using individual harvest yields 
as a variate) was significantly smaller than that of 
*Sloeena* (2.24 g and 3.43 g respectively). 

Lab(Hatory analyses {ot coloor ialMaity, fruit 
firmness, and titratable acidity were performed in all 
thrceseasons: methods aredescribedinO'DonQghue 
A Martin (1988). Sugar levels were asseaaedia the 
1986 and 1987 aeanns only. In the 1986 season, 
sugars were extracted from fireeze-dried raspberry 
tissue with 62J% methand and separated by High 
RressneUquidChnxnatogr^hy using a Dextropiik 
colunm. Results are quoted as grams (mono- and 
disaccharides) per 100 g of fresh fruit In the 1987 
season, sugar levels were measured using a haod- 
hdd Atago lefiRBdooielcr; lesidts are expresaed ia 
Brix. 

There was no consistent relationship between 
fruit firmness of the two cultivars over three seasons 
(Table 3). Colour intensity of juioe egUmded fioa 



Copyiiglilca milciial 



Cingslon et al.— *Ohau Early' red iaq)beny 



63 



ttMb 3 Rrait qpdiQr characteristics of red raspberry cultivarB Skeena and Ohau Early during time oaowcndra 
w — o ni . An figBwa age weighted ineaM(tttingindivid^ 







198S 






1986 






1987 






Skeena 


Ohau 
Early 


LSD^ 


Skeena 


Ohau 
Early 


LSD^ 


Skeena 


Ohau 
Early 


LSD^ 


Fiinmess 
C%jidoeIoii) 


353 


25.2 


2.8 


2SJ9 


24.1 


NS 


234 


30.2 


33 


Colour (AU>) 


16.7 


37.2 


3.2 


18.8 


473 


43 


192 


36A 


22 


Acidity 
CMeaHVs 
fruit) 


0.2S4 


0.238 


NS 


0264 


0325 


0.026 


0.235 


0275 


0.008 


Sugar content 
(g/lOOg 
frMhwt) 








5.97 


438 


036 








(•Brix) 














8.28 


5S2 


033 



'AbmtlMice miiii of undUutad juioe 



'Ohau Early' raspbeirypulpwasalwayssignificantiy 
higher than that of joioe from 'Skeena* pulp (JtM» 
3). 'Ohau Eariy* fruit were generally more acidic 
and had lower sugar levels than 'Skeena' fruit; these 
diCfoences were significant in the 19S6 and 1987 
iea8aiis(TiMe3). 

A COTipact harvest period and high efficiency 
with which the berry can be removed from the plant 
are attributes which make 'Ohau Early' apromising 
■ew l asp b e K y cddvar for machineHharvesting, 
cnrtendingnMidrfnenaeoverafcingcfpefiodoftinie. 
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^ant disease record 

NJew plant disease records in New Zealand: 
miscellaneous fungal pathogens ir 



E.HC.MCKENZIE 

DSIR Plant Protection 

Pnvaie Bag, Auckland, New Zealand 

Abstract Ten fungi, Cladosporium colocasiae 
Sawada (on Colocasia esculenta (L.) Schott), 
Colletotrichum malvarum (Braun et Casp.) 
Soothworth (on Lavatera sp.). Fronaneella 
ii«cAej/teae(Arthur)Yohem,CumminsetGilbeitson 
[on Duchesnea indica (Andrews) Focke), 
Hyalopsora polypodii (Diet.) Magnus (on Deparia 
petersenii (Kimze) Kato s^. congrua (BiackBitt'.) 
Kaio), Mycocentrospora cladosporioides (Saoc.) P. 
Costa ex Deighton (on Olea europaea L.), 
Phaeoramularia eupatorii-odorati (Y en) Liu et Guo 
(on AierattM adenophora (Spreng.) King et 
Robinson),PA>//ac^rafru/6ofaParbery(onZo>5ia 
pauciflora Mez and Z. planifolia Zotov), P. 
sctariicola Speg. (on Oplismenus hirtellus (L.) 
B«uiv.)tPiKcmiaf€StiicaeVkmi, (oaFestucanUint 
L.), and Tolyposporium rodwayi McAlp. (on 
Lepidosperma laterale R. Br.) arc recorded in New 
Zealand for the first time; 35 new host/pathogen 
fecoRb are given for 31 Other species. Twoexisting 
recOTds, Ramidaria sphaeroidea Sacc. on Lotus 
corniculatus L. and Ustilago agropyri McAlp. on 
Anihoxanthum odoratum L. are deleted following 
ledeieraihiatioa of the hosts as L. pedimcutatus 
Ckv. and Rytidosperma sp. respectively. Two other 
recOTds, Cercospora eupatorii Peck on Eupatorium 
adenophorum Spreng. {= Ageraana adenophora) 
and PkyUaehcra pwictum (Schwein.) Orton on 
Oplismenus hirtellus arc deleted following 
redetermination of the fungi as Phaeoramularia 
eupaiorii-odorati and Phyllachora setariicola, 
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INTRODUCnON 

Fcnty-six host^)athogen records are newly listed for 
New Zealand. Included amongst these combinations 
are 18 rusts, 4 smuts, 3 tar spots, 1 white rust, and 
several leaf spots andblotches. The hosts are mainly 
introduced weeds or indigenous plants litde 
economic importance. 

Specimens of all the fungi are housed in the 
heibarium (PDD), DSIR Plant Protection (formedy 
Plant Diseases Diviaon), Auckland, and for each 
specimen, the PDD accession number is given. 
Some fungi were extracted from plant specimens 
held in the herbarium of Botany Divisicm, DSIR, 
Unodn (CHR). For ihe rast fungi, n indicates die 
presence of uredinia, IP amphispores, and m die 
presence of telia. Specimen localities are assigned to 
geographical areas as defined by Crosby etal (1976). 
An asterisk indicaies diat die host is introduced. 



FUNGI PREVIOUSLY UNRECORDED 
IN NEW ZEALAND 

Cladosporium colocasiae Sawada, Rep. not. Hist. 
Assoc.,Pomoaa25: 125, 1916 

on ^Cchcasia eseuknta (L.) Schott (Aiaoeae) 

Auckland, Leigh, 1 3.1. 1974, C. Leach (PDD 32052); 
Epsom, 22.IV. 1988, E. H. C. McKenzie (PDD 
48693). Coromandel,LitUeBarrier Island. 6.IV.1988, 
B. a C McKenzie (PDD 48715). 
Brown leaf spot, ghost spot, false spot, of older 
leaves. Reddish-brown, circular or irregular, diffuse 
blotches on either leaf surface, sometimes with a 
Uaddsh, diffuse coitre. Usually less evident on 
(^)posite surface of leaf. Sometimes surrounded by 
yellow halo, or with a dark-brown diffuse border. 
Spots up U) 15 nun diam., much smaller when there 
are many spots on the one leaf. Colonies 
amphigeoous. Conidiophoces macfonematoos. 
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mononeinarous. single. unbcBnched, stndght or 
flMiioiis. smooth, septate, IxoMi. pderlowards the 
apex, up to 300 long X 3-6 thick. 
ConidiogenousccUspolyblastKjntegratcd.lenn^ 
becoming inlBr<€alaiy, with nodose tweffings 4-8 
wide, conidiid acan on swellings thickened and 
slightly prominent; scar 1-2 ^m wide. Conidia in 
branched or simple chains, cylindrical, usually 
nanower in the middle, loimded at ihe ciids, pale 
brown, smooth, (0-)l(-2) septaie,(l l-)13-18(-22) 
^mlongx(S-)6--8(-10)Mmwide;hi]nmiiQmiaeat» 
1-2 \m thick. 

This fungus is ciicumglobal in the trc^ics and is 
widespead on tare in the Pacific. David (19M0 
deaodwd and figured the fingns. 

CoUetotrichum malvarum (Braan et Casp.) 

Southworth, J. mycol. 6: 1 16. 1890 

s Steirochaeie malvariunBnmctC9epBsy,Krankh. 

Pfl.: 28. 1854 

on *Lavatera sp. 'MontBlanc' (Malvaceae) Waikato, 
Hamilton. Gordonton Road, 24.X.1989, P.O. 
BUMKDunt S6372). 

Leaf spots round or irregular in shape, up to 5 mm 
diam.. pale brown, diffuse at the margin. Numerous 
small, setose acervuli in central part of the spots. 
Stem lesioiis eOipiic, extending op to 20 mm akMig 
stems and petioles. On potato dextrose agar, colonies 
slow-growing, from single conidia 5-8 mm diam. 
after 7 days. Acervuli pale, numerous setae, conidial 
ooKeoni^Be>brown,ooiudiac]^iiidric, rounded ^lex, 
often tapering slightly to base, 12-15.5 X 4-5 |im. 
Colonies becoming very dark in reverse, aerial 
mycelium dense, tufted, pale- to dark-grey. No 
Gtomerella (teliomofph) state formed. 

Mbiphologically this fungus fits CoUetotrichum 
gloeospor hides (Pcnzig) Pcn/ig et Sacc, but it is 
confined to various Malvaceae on which it is 
assodaied with stem and leaf spoiling. It is distinct 
culturally with its slow giowdi me, dense aerial 
mycdium, and numerous setae. 

Frommeella duchesneae(Ai\hui) Yohem, Cummins 
et Gilbcrison, Mycotaxon 22: 452, 1985 (Fig. 1). 
s Kuehneola duchesneae Arthur, A'. Am. Flora 7: 
18S, 1912 

on *Dttcto5n«aimfica(Andiews)Focke(Ro8aceae) 
Auckland, Tiriuri Maiangi Island. 14.11. 1988, P. K. 
Buchanan (PDD 48429) II; Mt Albert, 1 7.II . 1 988, E. 
H. C. McKcnzie (PDD 48665) II, III; Henderson, 
21.11.1988, P. J. Brook (PDD 48666) II, III. 
Coromandcl. 7.IX.1989. E. H. C. McKenzie (PDD 




Fig. 1 Telioroores and urediniospores of Frommeella 
duchesneae (JP0D48665). Spedmenmoiutadinliydraai 
ladophenoL 



S6212) n; Bay of Plenty, Te Puke. 4X1989. S. R. 

Pennycook (PDD 55149) II. 

RusL Uredinia hypophyllous, pulvinate, pulverulent, 
orange when fresh becoming yellow with age, wub 
a few peripheral, cokMirless, tMn-wal]ed.Qfliiidricsi 
paraphyses 6.5-8 |im wide. Urediniospores 
(16-)17-19(-22) X (13-)14-16(-17) ^im, globoid 
or broadly ellipsoid, wail 0.5-1 ^m thick, pak, 
ediinulate, germ paces obscure (3 md equotodil. 
Arthur 1912). Telia hypophyllous, arising from tte 
same sori as the uredinia, pulverulent, cinnamon- 
brown. Teliospores 55-80 x 23-26 |jjn, cylindrical 
or clavatt. stni^ or slighdy cwed, S-7-cdled. 
sometimes constricted at septa, wall 0.75-2.5 jim 
thick at sides, 4-6 ^m at apex, smooih, goldco- 
brown, sometimes paler basally; pedicels up to 65 X 
5-7.5 Mm. petsistent, ooloariess. 

This fungus, originally described from the United 
States, was found to be widespread in Auckland 
Duchesnea indica in February 1988. At that timcii 
was not present hi the Bay of Plenty, where regidv 
examination of D. Mica first detected die m 



CopyiiglilcQ mplciial 



«7 




20 pm 

g. 2 Urediniospores and amphispores of Hyalopsora 
iypodii (PDD 54740). Specimen mounted in hydrous 



fRogdmately 1 year later, in Jamnry 1969 (S. R. 
■nycook aod D. R. W. Watson peiB. oomm.). 

yalopsora polypodii (Diet) M4gnii8,Ber. dt, boL 

es. 19: 582, 1901 (Fig. 2). 

Pucciniastrum polypodii Dietel, Hedwigia 38: 

50,1899 

Q Deparia petersenii (Kunze) Kato ssp. congrua 
Indcenr.) Kato (Dryopteridaceae) Naitliland. 
lasfeBa Reserve, 9JV.1988, R. E Beevcr (PDD 

8698) II; Whangarei, Hutchinson's Reserve, 
4.IX.1988, N. & T. Clements (PDD 54740) D, IP; 
Igunguru. Crawford Reserve, May 1988, N. & T. 
Yemenis (PDD 48852) II. 

list. Uredinia amphigenous but mainly q)iphyllous, 
ingle or grouped, sometimes on vein-limited, 
iscoloored areas, bnllate, pulvemie&t, goMen- 
ellow, circular or elongate. Urediniospores 
2a-)23-30(-32) X (1 1-)14-15(-16) urn, obovoid, 
Uipsoid, or angular, wall 0.5(-l) \un thick, pale. 
Booth, genn pores obscure (2-4 and equatorial, 
^matat 193^ Amphispores 19-30X 15-21 Mm, 
ibovoid, ellipsoid, or angular, wall 1.5-3.5 ^m 
hick, pale, smooth, (genn poies 4-^ scattered, 
^iratsuka 1936). 

rust occurs on several genera of ferns in the 
jiBiily DryopteridKeae faiNGfth America, Eorope, 
M Japan. Mosi species of Hyahpaora prodtioe 



^nnatia and aecia on Abies spp., but no alternate 
host is known for H. polypodiL 
Mycocentrospora dlihsportoldes (Saoc.) P. Cosia 
ex Deighton,M>c<7/. Pe^. 251: 6, 1983 (Fig. 3) 
s Cercospora cladosporioides Saocardo, MicheUa 
2: 556, 1882 

on *Olea europaea L. (Oleaceae) Auckland, 
Sandringham, 9JX.1987, P. R. Johnston (PDD 

48034). Waikato, Hamilton, University grounds, 
7.VII.1984, J. M. Dingley (PDD 46175). Hawkes 
Bay, Napier, 24.VIII.1970, 1. J. Ryan (PDD 28571). 

Black leaf mould, fruit spot. Mould growth initially 
circular, but coalescing and becoming irregular, to 
coverlowersaifi»eof leaf. On fruit, spots purple 
(Hanaen ft Rawlins 1944), becoming greyish-black 
with onset of sporulation, circular or oval, up to 1 cm 
diam. On leaves, primary mycelium int^nal, pale, 
branched, sq>tate, 2-3 |im wide, sometimes forming 
swollen cells up to6Mm wide. Secondary mycelium 
external, repcnu pale-brown, branched, septate, 2-5 
wide,giving rise to conidlophores. Conidiophores 
pale-brown, smooth, straight or flexuous, up to 150 
^m bng X 3.5-5 wide, sometimes branched. On 
fruit, conidopiiafes fincicolate, up to 30 ^m long, 
arising from brown stromata which are up to 200 |im 
wide X 150 ^m deep. Conidia pale-brown, smooth, 
subcylindric, straight or curved, rounded at the apex, 
basal cell sometimes slightly tapered to truncate or 
slightly convex hilnm, often with a small, 
inconspicuous marginal frill, 1-^ septate, 
(29-)65-85(-90) X (3-)3.5-5(-5.5) nm. 

This disease is known from southern Eun^, Algeria, 
and California. Hansen & Rawlins (1944) described 
fruit symptoms, and found that infected fruit were 
nnsoittUe for pidding as green olives. Leaf mould 
may cause early drop of infected leaves. 

Phaeoramukuria eupatorii-odorati (Y en) Liu etCuo, 
Acta phytopaih. sin. 12(4): 7, 1982 (Fig. 4). 
■ Cercospora eupatorii-odorad Yen, BulL Soc, 
mycoiFr.84: 10-11,1968 

on *Ageratina adenophora (Spreng.) King et 
Robinson ( Asteraceae) Northland, Whangaroa, Mar. 
1963, S. Davison (PDD 21169); Opito Bay. 
29.VI.1973, J. M. Dingley (PDD 30893). 
Coromandel,Port Charles, Sandy Bay, 3 1 .XII. 1 962, 
S. Davison (PDD 20834); PortCharies. 18.DC. 1988, 
P. R. Johnston (PDD 54600); Whangapoua Saddle, 
5JX.1963, J. M. Dingley (PDD 21812). Auckland, 
Onre, dX1966, R. F. R. McNalib (PI»> 2484^ 
Dingley (1965) recorded and described Cercojparo 
m^mrinftiiSt^EtipatoriMmadem 
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Fig. 3 Conidia and conidio- 
phores of Mycocenlrospora 
cladosporiddtt (FDD 4 8034). 
Specimen moonted ni hydnm 
laiciophenoL 




(■ Ageratina adenophora). An examinaiion of the 
three specimens cited by Dingley, and of more 
leoent collections, has shown that the conidia are 
often catenate, and that the fungus is a species of 
Phaeoramularia. The conidia of PDD 20834, on 
which Dingley's description was probably bs^ed, 
are obclavate and not in chains (Fig. 4). However, all 
oUier collections have conidia which are mainly 
cylindric and catenate (Fig. 4). Dingley suggested 
diat the fiingus was introduced to New Zealand on a 
tiypetid stem gall fly (Procecidoc hares utilis 
Stone), an insea introduced from Queensland for 
the control of Eupatorium, Sinunonds (1966) 
recorded C. eupatorii on E. adenophorum in 
Queensland. Two specimens (PDD 2352 1 and 23522) 
collected in Queensland in July 1964 w^ examined 
and found to be /*. eupatorU-odorati. 

Phyllachora bulbosa Paib&ry,Aust.J. Bot. 15: 299- 
300. 1967 (Fig. 5A) 

atkZoysia pauciflora Mcz (Poaceae) Bay of Plenty, 
Whale Island. 4.1. 1986. R. E. Bcever (PDD 49700). 

on Zoysia planifolia 7x)tov (Poaceae) Northland, 
Piikcnui. 3.1.1954, L. B. Moore (PDD 40425 ex 
CHR 8355.^); Houhora, 21.XII.1971, A. E. Esler 
(PDD 41197). Auckland, Kiiimra Heads. Pouto, 
Dec 1904, D. Pcuie (PDD 404 1 7 ex CliR 5«54). 



Tar spot. Colonies black, discrete, raised, 
anq)higenous and on culm below flower head, up to 

I X 0J2S nun. Aad cylindrical 70-lOOX 9^12(-1S) 
Mm; pan^hyses sinuous, up to 130 long x 1-2 
urn wide. Ascospores monoseriate. ellipsoid, 
subglobose, or oval, 12-16(-17) X (6.5-)7-9 jim. 
Spennogonia present within some cotonies. 
Spermatiophores 11-12 X lim. SpuiiM l ia 
fUiform 8-15 X 0.5-0.75 \m. 

The New Zealand collections of this fungus difCer 
slightly from die type, and only specinwn of 
Phyllachora bulbosa described fiom AiBtialia. The 
Australian fungus has narrower ascospores (13-17 

X 6.5-7.5 ^rni), and longer paraphyses (twice as Icxig 
as asci) (Parbery 1967). Spermatioi^ores of dte 
New Zealand collecticms do not appear to hwe a 
swollen, bulbous base as found in the AuataliM 
specimen. 



Phyllachora setariicola Spegazzini,^ Soc, 
argent. 19: 246, 1885 (Fig. 5B) 

on Oplismenus hirtellus (L.) Beauv. (Poac^iK) 
Northland, Opito Bay, 29.VI.1973. J. M. Dingk? 
(PDD 30910). Auckland, Piha, Sep 1950, J. M 
Dingley (PDD 15930); Tilirangi, Clark's Bus^, 
3.V.1979, E. H. C. McKenzie (PDD 39453. 
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||. 4 CobUSm ct PkatonmuUaria Mpatorii-cdarali 
K, PDD 54600; B. PDD 70834). Skwcbnnt moonted k 

irdrous lactophenoL 

lanMiiMidel.UnieBmierl8iBiid.S.IV.1988,E.R 

'. McKenzie (PDD 48737). Waikato. Te Kauri 
eserve. 20.V.1988. E. R C. McKenzie (PDD 
8860). 

ar spot Colonies blade, ^Hacieteof confluent, often 

near, raised, amphigenous and on leaf sheath, up to 
.25 X 0. 1 mm. Asci cylindrical or saccate, 60-90 x 
2-16 ^m. Asco^res monoseriate or iHseriatB, 
Uipsoid or oval. 1S-17(-19) x 6-7(-8) \m, 

I New Zealand, this oonunonqsecies was reconled 

s Phyllachora punctum (Schwein.) Orton on 
^plismenus (Dingley 1969). However, P. punctum 
assmaller (9-13 X4-S.S ^m). strictly monostichous 
sco^res (Parbery 1967). P. setarUeda is known 
om Central and South America, Africa, Japan, 
outh-East Asia, Australia, and many Pacific island 
ations. It occurs on many grasses within the 
riifimily Pnicoideae. 

uccmia festucae Plowiight, Grevillea 22: 109. 

893 

n *Festuca rubra L. ^oaceae) Mid Canterbury, 
MgielNini SMeFoiestPttfc. 24JI.1988.E. a C 

fcKenzie (PDD 48435) II; Lake Sarah. 25 JL1988. 

. H. C. McKenzie (PDD 48449) II. 

eaf rust. Uredinia on adaxial leaf surface, 
ulverulent, golden-yellow. Urediniospores 
ZS-)27-30C-33) X (21-)23-26(-28) Mm. gMnU 
rbioadly elliiMoid, wan IS-Tj-lS^ym tfiidf.pate 
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F|i.S AacmmdmeoapontvtKPki^laehoralmAota 

(PDD 49700) and B. P. setariicola (PDD 394S3). 
Specimens mounted in hydrous lactoidienoL 

goldeD, echinnlate. germ poies 6-8. scatlefed; 
pedicels soinoiini' ffs peisisting* 

This rust which occurs on Festuca spp. in North 
America, Europe, India, and Korea, was figuredand 
described by Cununins (1971). 

Tolyposporium rodwayi McA^piOB, The SmutS €§ 

Australia: 189. 1910 (Fig. 6) 

on Lepidosperma laterale R. Br. (CypeiBceae) 
Aociclwl.Piha Valley. 7.V.1978. A. E. Ester (PDD 

Smut Son in the inflorescence, forming granular, 
black spore ball masses. Spore balls up to 90 X 60 
^m, often about 50 X 40 ^m, subglobose.polyhedral, 
oblong, or irregular, opaque, composed of many, 
radiallyananged.flrmly agglutinated spores. Spores 
in surface view 8-11 X 6-10 \un, polygonal, in 
median view 12r-25 X 7-10 |un, elongate or wedge- 
shaped, light- tDdaric4iown,ivall8noolhonGoniact 
sides, deinely vamcnkMe on fine SDifiioe; 

Tolyposporium rodwayi was described from 
Tasmania on Lepidosperma laterale. In Australia, it 
also occurs on L. eladus Labill. 

ADDITIONAL HOST RECORDS 

The following 3 1 fungi havebeenpieviously recorded 
on other boats in New Zealand, details of which are 
given by Peunyoook (1989)* 



Copyiighlca malciial 



70 New Zealand Journal of Crop and Horticultural Science, 1990. VoL It 




Fig. 6 Spore balls of Tolyposporium rodwayi (PDD SS626). Scanning election microscope specimens upper. Ligh 
microscope specimens (lower) mounted in hydrous lactophenol. Bar = 10 n.m. 



Albugo Candida (Pers.) O. Kuntze 

on Lepidium banksii Kirk (Brassicaceae) Nelson, 
near Nelson, 9.XII.1988, S. P. Courtney (PDD 
55106). 

Alternaria dichondrae Gambogi, Vannacci etTriolo 

on *Dichondra micraniha Urb. (Convolvulaceae) 
Auckland, Ml AlbertResearch Centre, DSIR, 1988, 
A. E. Esler (PDD 55787). 

Botryotinia draytonii (Buddin el Wakef.) Seaver 
anamorph: Botryiis gladiolorum Timmermans 

on *Ixia polystachya L. (Iridaceac) Auckland, 
Waikumetc Ccmcicry. 1 7.X. 1988, A. E. Eslcr (PDD 
54817) 

on *lxia viridiflora \im. (I'it'accae) Wtllinglon, 
Karori, 12.X.1^^3 O'-M) 21 ',-•■:). 



Botrytis cinerea Pers. 

on *Hibiscus diversifolius Jacq. (Malvaceae) 
Auckland, Royal Oak, 28.VI.1987, R. E. Becvcr 
(PDD 53661). 



Cercospora chenopodii Fres. 

on *AtriplexpatulaL. (Chenopodiaceae) Auckland, 
Weymouth. 12.IV. 1976, J. M. Dingley (PDD 34775). 
Coromandel, Liiile Barrier Island, 6.IV.1988, E E 
C. McKenzie (PDD 55788). 



Cercosporidium graminis (Fuckel) E)eighton 

on Hierochloe redolens (Solander ex Vahl) Roeni. 
ci SchulL (Poaceae) North Canterbury, Arthur's 
Pa.ss,Grcyney'ssheller,9.n.l989,E.RC.McKenzjf 
(PDD 55636). 
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>lletotrichum graminicola (Ces.) WilscHi 

k *i4/o/^ci(rujjemcM^ujL.(Poaceac)West]and, 
Uteri, 11JI.1969, E. IL C McKeozie O^DD 

*Echinochloa cruspavonis (H.B.K.) Schult. 
loaceae) Auckland. Mt Albert. 22JV.1988, E. a 
1 McKenzie (PDD 48694). 

ipiocarpoH Tosat Wolf anamofph: Marssoidna 
MvCUb.)Died. 

^^RaaanidtjbiosaL, (Rosaceae)NfidCBnieibary, 
MB. 19Ja.l988,E.aC.McKeiiziea>DDSSlS0). 

ntyloma dactylidis (Pass.) Cif. 

1 *Alopecwiis gemculatusL.(P(^ces^)y/cs\land, 
arihan. 11JI.1989, E. H. C. McKenzie (PDD 
5770) 

a Elynuis narduroides (Tkucz.) LOve et Connor 
^oaoeae)lkfidCmiert)ofy,nearSpringfieldJunc^ 

owai and Rubicon Rivers, Mar. 1948, H. Tdbot 
?I>D 55601 ex CHR 301427). 

uehneola uredinis (Link) Arthur 

n Rubus schmidelioides A. Cunn, (Rosaceae) Mid 
lanierbury, Cass, 19.XI.1988, E. H. C. McKenzie 
PDD 55111) n. 

tycosphaerella spissa H. Sydow 

n Coprosma serrulata Hook. f. ex Buchan. 
Rubiaceae) North Canterbury, Arthur's Pass, 
OJCL1988. ERG. McKenzie (PDD 55112). 

*hragmU&um constrictosporwn Laundon 

m Acaena anserinifolia (J.R. et G. ForsL) Armstr. 
Rosaceae) Mid Canterbury, Cass. 22JI. 1988, E. H. 
McKenzie (PDD 48669) II, HI. 

*kytodenm potteri (Bartlett) Karling 

m * Lotus pedunculatusCav. (Fabaceae) Auckland, 
Vaitakere Ranges, Sharp's Bush, 5.XI.1965, J. S. 
Carting (PDD 24811). 

Cariing (1966)recorded/'./K7//enonL. corniculatus. 
However, according to Webb et aL (1988) L. 
ioniadatus has been frequently recorded in error as 
■turalised in New Zealand. The host for the single 
q)ecinrtcn in PDD has been redetermined as L. 
9e<itMcu^uj. Karling alsorecordedasecond locality 
[KaoMnHipVaney)fortlibfingQ8.UiDfbfl^^ 
taeiiBoapecimen in PDD tosubstantialBtlielatier 
pooofd, or 10 deiennine the host Qiecies. 



Paevdocercospora hmcertcolaCtmoam.) Deightoo 

on *Unucera japonka Thonb. (Caprifoliaceae) 
Aiicirland,WaittlwlUmges,Ciaaaicif»K«nriPi^ 

17.in.l956, J. M. Dingley (PDD 15983); Walker's 
Biish,4.Vin.l982.E.aCMcKenzie(PDD43117). 

Psendocercospora rnyrticola (Speg.) Deighton 

ooMetrosidarosexcdsaScLtaiQsensL (Myrtaceae) 
Taranaki, Waima, Aug 1983,R Jiiiy(PDD4447(]). 

Pucdma coronata Corda 

(Ml *Alopecurus geniculatus L. (Poaceae) Westland, 
Harihari. 11 JI. 1989, E. a C. McKenzie (PDD 
55751) n. 

Puccitda gramitiis'Pm, 

on *Vulpia bromoides (L.) S . F. Gray (Poaceae) Mid 
Canterbury, Little Lake Lyndon, 26JL1988, E. H. 
C. McKenzie ^DD 48678) n. 

FucdiUa hordd Oofa 

on ^Vulpia myuros (L.) C.C. GmcL poaceae) Mid 

Canterbury. Christchurch. Riccaittm, UJCILIS^, 
A. J. Healy CPDD 48421) n. m. 

Puccinia maurea G.H. Cunn. 

on Carex echinata Murray (Cyperaceae) 
MBrlborough, Lewis Itea, St laonea Walkway. 
8 JL1989, E. a C. McKenzie (PDD 55616) IL 

Puccinia oxalidis Diet et Ellis 

on *Oxalis brasiliensis Lodd. ex Westc. et Knowles 
(Oxalidaceae) Mid Caitteibury, Christchurch, Ric- 
carton. 28.VIIL1989, A. J. Healy (PDD 56209) U. 

AtthOQgh growing in closeproximity to oiherheavily 
infected Oxaiisspp^ 0, ^osiUeiuif liadonly diglit 
infection on a few leaves, oompaiable to diat 
previously observed on O, pes^aprae L. (A. J. 
Heaiy pers. comm.). 

AiccMia recondite Rotng^ ex Desm. 

on Efyimts narduroides (Ttarcz.) LOve et Goonar 

(Poaceae) Mid Canterbury, near Springfield, junction 
Kowai and Rubicon Rivers, Mar. 1948, a Talbot 
(PDD 55602 ex CHR 301427) IL 

Puccinia temdspom McAlp. 

on Utxula crinita Hock. f. var. petriam (Bach.) 

Edgar (Juncaceae) Mid Canteibury, Temple Basin, 
25 JL1988. E. a C McKenzie (PDD 48681) TL 
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on ^Fuchsia mageUanica Lam. var. macrostema 
(Ruiz Lopez etPavon) Munz (Onagraceae) Waikato, 
HamilUMi. Sillury Street Gardens. 22.L1989. E. H. 
C. McKenzie O'DD SSll^ n 

on *Zauschneria aUifornicaPte^(Oaaginca^) Mkl 
Canterbury, Lincobi, 10.in.l967.F.C Allen (pDD 

53595) n. 

Ramulana sphaenidea Saoc. 

on*Z^itfp«d^iJamrCav.(FU)aceae)Nortliland, 

Coopers Beach, 21.IX.1977, E. H. C. McKenzie 
(PDD 37242). Auckland, Oraua. 15.XI.1956, S. D. 
Brook (PDD 16832). Taranaki, Mt Egmont, 
29.in.1951, J. M. Dingley (PDD 10623). 
Coromandel, Little Barrier Island, 6.IV.1988, E. H. 
C.McKenzie(PDD48721).WeUingtoii,Palmeistofi 
Novdi, Maaey, 23X19(3. G. C. M. Laldi (PIXD 
33754). Westland.FQKRiver, 1 JL1966,aC.Siiiith 
(PDD 31777). 

Septoria fuchsiicola P. Sydow 

on Fuchsia excorHcata QSL. et O. ForsL) Uime f. 

(Onagraceae) Taupo, PureoraFoiest, Kakaho picnic 
area, 19.IL1989. R. E. Beever (PDD 55796). 
Marlborough,LewisPass.WaterfaU track, 8.11.1989, 
E. H. C. McKenzie (PDD SS653). 

Septoria riM WeStend. 

on *Rubus squarrosus Fritsch (Rosaceae) Mid 
Canterbury, Cass. 22.U.1988, E. H. C. McKenzie 
(PDD 48687). 

Sorosporium solidum (Beric.) Mc Alp. 
on Schoenus apogon Room, et Schult. var. apogon 
(Cyperaceae) Auckland. Waikumete Cemetery, 
1.IX.1976. S. Bowman ft W. S. Veisluys (PDD 
55625); Waikumete Cemetery 26.X.1989.E. R C. 
McKenzie (PDD 56324). 

Uredo puawhananga Baylis 

on Clematis cunninghamii Turcz. (Ranunculaceae) 
Northland, Whangaruru North Head. 28.L1988, P. 
R. Johnston (PDD 48393) II; Waiotemara Bush 
Walk, 28i.l988, P. R. Johnston (PDD 48394) U, 

Uredo spyridii Cooke et Massee 

on *Pomaderri5 aspera DC. (Rhamnaceae) 
Auckland, Ep.som, 31.V.1986.R. E. & J. E. Beever 
(PDD 52052) II. 



Uromycejoiak(mQM.Caaa, 

on Poa imbecUla Si»eng. (Poaccae) Mi d Canterfoiay, 
Cass. Andrews Stream, 19JU.1988, E. H. C 
McKenzie (PDD 54919) II. 

Uromyces rumicis (Schumacher) Winter 

on *Rumex conglomeratus Murray (Polygonaoeae) 
Coromandel, Little Barrier Island. 7 JV.1988. £. H. 
C. McKenzie (PDD 48869) II, m. 

RECORDS TO BE DELETED 
Cercospora eupatorii Peck 

on *Eupatoriim admoj^iormn Spnng. (Diogi^ 

1965) 

This pathogen has been redetermined as 
Fhaeoramdana eupatorii-odonai (q.v.). 

Phyllachora punctum (Schwein.) Orion 

on Oplismenus hirtellus (L.) Beauv. (Dingley 1969) 

This pathogen has been redetermined as/'Ay/Zoc/Kva 
setarUcola (q.v.). 

Ramularia sphaeroidea Sacc. 

on *Lotus corniculatus L. (Brien & Dingley 1953) 

Brien & Dingley (1953) recorded this fungus, as 
Ovularia exigua (W. O. Smilh) Saec.. on L. 

corniculatus. According to Webb et al. (1988) L. 
corniculatus has been frequently recorded in error as 
naturalised in New 2^ealand. Examination of all R. 
sphaeroidM specimens held in PDD, including t 
Dingley specimen collected prior to 1953, has 
revealed that the host plant is L./ie<iuACMZ<tfiu Cav. 

U^ktgot^ropyril/bMfi, 

on *Anth(mmAumodaratuinL. (Qmningham 192iQ 

This indigenous smut, originally described from 
Australia, is conunonand wide^read in New Zealand 
oaRytidosperma spp. Cunningham (1924) recorded 
it, as UstOago naderi Sydow, on Anthoxanthum 
odoroAim. Its occurrence on both Australasian species 
of Rytidosperma and on the northern hemisi^iere A. 
od^ro/um appeared unlikely.Fcdlowing examination 
oi the specimen on A. odoratum (PDD 1248), the 
host was redetermined by Mr A. E. Esler as 
Rytidosperma sp, 
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iboratory guide for identification of plant 
ithogenic bacteria. 2nd edition. Edited by N. W. 
:haad. Published in 1988 by American 
ly topathoiogicai Society Press, StPaul, Minnesota. 
i8 pages, plos Cooieiits, plates, etc: soft covered. 
.BN O-89054-078-0. Price (including postage): 
ailed Slates US$28.00; elsewbeie US$34.0a 

his second edition is divided into four parts: 
tatification sdiemes, Giaai<4iegative bacteria, 

ram-positive bacteria, and cell wtdl-free bacteria, 
ach of the three parts reporting on a bacterial group 
furth^ divided into chapters on the bacterial 
ineracontainingplant pathogens, writtenby authors 
•Hh CKpe rt iae in the genera treated. Each chapter 
Ritinely coolauis an introductofy section, followed 
y sections on isolation techniques, diffeientials of 
ommonly isolated species, diagnostic media and 
sts, pathogenicity tests, literature cited, and an 
idex of chemicals used. The chemicals index is a 
aefid innovation emphasising, as it does, the need 
> prepare media precisely to obtain satisfactory re- 
tilts. Sections with relevance to particular bactmal 
joups — opine catabolism for Agrobacterium sp., 
wdiomonadm pnxfaiction fxxXantkomoim spp., 
eroiogicalmelhodsforcell wall-fTeebacteria,elc— - 
B included in appropriate chapters. 

In this edition, there is a new chapter on Xylella 
nd other fastidious bacteria, the part on Gram- 
NMiiive baderia assodaied with lAants has been 
xpanded to include Bacillus, Clostridium, and 
ireptomyces, the part on cell wall-free bacteria has 
«ea significantly updated, and the many typogr^hic 
Hon which marred the first edition have been 
xirecled. TUs edition oses scioll4>induv rather 
ban the earlier cumbersome ring-binding, ur^- 
ining a decision to produce individual editions 
aiher than to arrange for up-dating by page insertion. 
Hiezeisauseful collection of colovff plates illustrating 
powih on seieded media, and iriant reactions. 

The chapters on pathogenic genera give 
nformation, largely firom the direct experience of 
ihe individual authors, on media and methods for 
hboratofy and glasshouse experiments by which 



strains can be identified. The calibre of iadividiial 
chapters overall is high, reflecting the expertise of 
the contributors. Specific information is necessarily 
variable in quality, dq)ending upon the extent to 
which die organisms have been studied. 

Ibis handbook would ha ve been better snved Iqr 
aclear exposition in its introduction of the audiences 
at which it is aimed. The introductory part, 
"Identification Schemes", indicates a procedure by 
vriiich bacterial strains fiomprhnary isolations iiom' 
plant material can be keyed to genus, and the routine 
reporting of procedures for the isolation of patbog^ 
from plant tissue indicates die intention to provide a 
diagnostic guide for diagnosticians. However, 
ahlKNigh die handbooir is a usefid compilation of 
laboratory identification methods and recipes for 
media which are otherwise scattered in other 
publications, and is well suited as a compendium for 
research worlxrs needing methods to screen for a 
specific pathogen,dioseseekhigioasetfii8handbook 
primarily fordiagnostic purposes may be disappoint- 
ed by the presentation. Diagnosis of plant pathogens 
aims at the reliable i(kntification of a causal organism 
in the most rapid way. The handbode specifically 
offers details for die identification of pottitive plant 
patiiogBnic bacterial strains but does not include or 
make reCwence to a host-pathogen index which, for 
practical purposes, is the starting point of identifica- 
tion for routine diagnostic woric Proficiency in 
isolation, the confident mamtenanoe of pure sab- 
cultures, up-to-date host-pathogen lists from die 
international literature, the ability to implementthose 
tests which most rapidly discriminate pathogens 
fipom Uie host in question, and the capacity to prove 
viralenceofpotativepadiogenswhenneoessH7,are 
the cornerstones of diagnutics of plant padiogenic 
bacteria. 

Considering the number of pathogens treated in 
detail (more than 100 pathogens in about IS 
taxonomic groups), die diagnostic purposes of die 
handbook would have been well served by an 
expanded, revised version of the flow guide shown 
in the introductory chapter, to give as coherent as 
possible a picture of the i»Yx;edures for the diagnosis 
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of plant pathogenic bacteria, however limited this 
might be. The incompleteness of keys for identifica- 
tion of pathogens would be a graphic demonslntion 
of the limited state of present knowledge. 

As in die first edition, considenMe emphasis is 
laid on the use of selective media for the identification 
of particular pathogens. Perhaps there should have 
been a caveat on the use of some of these media, 
which may not be specific to die reported padiogen, 
and those media whose plating efficiency to a range 
of strainsof the pathogenof interest may be uncertain. 
Some media given for pathovars of Pseudomonas 
syringae (e.g., medium MSP) and X. campestHs 
(e.g., medium D-5) arc not usually specific for 
particular pathovars as implied, but can be used for 
selecting isolates of the species from plants or plant 
en v iron m e n ts, tfms allowing die identity of the 
pathogen to be inferred, or proved by odier mems. 
Although specific selective media are potentially 
usefid in sbidies where a particular pathogen is 
underrootine study, and where the roedinro has been 
confirmed as specific within (he environoKmtof die 
investigation it would be interesting to know if 
selective media are widely used in diagnostic 
laboiatories. The preparation of liieseoftencomplex 
and hbflcmedia sets a practical Ihwil on their nse for 
routine purposes that is not apparent from a reading 
of Uus text, and may not be justified in terms of 
wordiwhile improveraentinconfident identification 
(tf a pathogen. 

It is also interesting to speculate about the extents 
to which this handbook expresses academic, raUier 
than practical, identification proposals. The Onm 
reaction is very important in the formal confumation ' 
of the identity of a bacterium, but who, one wonders, 
follows the injunction to use this test as a first step in 
die protocol for identification of strains of ptant 
pathogenic bacteria? 



Tliis guide to identification wooldbe assistedl^ 

an account of die relati(nisliip of identificauon to 
naming and to classification of plant pathogeny 
bacteria. This ispaiticularly ^ipropriatetn thecoQtea 
of ptant padiogenic bacteria which are ooaaMoiir 
dassifiedand named, and toalesserextentidemified, 
according to their pathogenic characters. Notwith- 
standing the primacy of pathogenicity in nomeocia- 
ture, for many host-padiogCTComMnations, rdialile 
mediods for proving pathogenicity have not bea 
publ ishcd. This is one of the important lacunae in our 
elementary knowledge of plantpathogeoic baaena. 

Molecularbiological medwdsveceivelialBiaeB- 
tion. Clearly these methods will transform bacterid 
identification and it is surprising that their use is KM 
anticipated here. A section on plasmid screening is 
included for Agrohacterimn, hat odier mednds 
icported in identification stn^ before 1987, such 
as colony hytMidisation using genomic DN A probes 
(then routine in some laboratories) and genomic 
fmger-printing. are not mentioned. 

This handbooicisaoseful asset in plant bacteriol- 
ogy laboratories engaged in the identification of 
specific patiiogens in research. Together with 
Metliodsfof thedlagnorisflf hnderialiHlBtaatssf 
plants (R. A. Lcllicott and D. E. Stead, BlackweH 
1987), Guide to plant pathogenic bacteria (J. F. 
Bradbury, CAB International Mycological Institute, 
1986). and Plant baderialdiNaMi— a diagaMfic 
guide (edited by P. C. Fahy and G. J. Perslcy, 
Academic Press, 1983), it offers die best avaibble 
collection of information (oc those involved in the 
identification and of phot f ffi ^ ^iff^ 

i. M. YOUNG 
DSIRFIutProtectioB 
Ancidnd.NewZeak>d 
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